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FOREWORD 

Mathematics  is  conceived  as  the  quantitative  aspect  of  the  individ- 
ual’s everyday  experience.  The  school’s  responsibility  in  this  area  is 
considered  that  of  increasing  the  effectiveness  with  which  children  meet 
situations,  by  making  the  significant  quantitative  aspects  more  mean- 
ingful and  more  easily  handled  and  by  giving  practice  in  a way  of 
thinking  basic  to  the  formulation  of  judgments  and  decisions.  This 
point  of  view  is  prompting  changes  in  the  program  for  arithmetic 
teaching  in  a number  of  Pennsylvania’s  schools;  it  is  this  viewpoint 
which  is  basic  to  the  bulletin  recommendations  and  suggestions  for 
an  increasing  recognition  of  the  natural  relationship  between  arithmetic 
and  the  problems  of  living. 

The  bulletin  contains  suggestions  for  combining  an  opportunistic 
and  a systematic  procedure  in  the  teaching  of  arithmetic. 

The  first  section  aims  to  answer  questions  about  arithmetic  teaching 
which  have  been  asked  frequently  by  teachers  and  supervisors  in 
Pennsylvania.  Among  other  things,  this  section  may  help  teachers 
in  developing  a point  of  view  concerning  the  function  of  arithmetic 
as  a part  of  school  life  and  in  the  interpretation  and  use  of  this  bulletin. 

Section  II  of  the  bulletin  and  the  gradation  of  instructional  mate- 
rials for  kindergarten  and  first  grade  contain  suggestions  for  an  op- 
portunistic teaching  and  learning  of  arithmetic.  Useful  mathematical 
information,  habits  of  quantitative  thinking,  and  the  application  of 
number  ideas  to  everyday  social  problems,  integrated  with  the  neces- 
sary computational  abilities,  is  the  major  goal  of  such  teaching.  This 
emphasis  in  arithmetic  needs  further  development.  Looking  ahead, 
there  remain  to  be  developed  materials  which  will  give  more  and  more 
guidance  to  teachers  in  this  direction.  Educators  from  all  over  the 
State  are  invited  to  help  in  this  important  undertaking  and  to  transmit 
to  the  Department  of  Public  Instruction  outlines  and  units  developed 
in  recognition  of  this  need. 

The  suggestions  found  in  Section  III  for  grades  two  to  six  provide 
instructional  materials  effectively  organized  according  to  principles 
that  underlie  a systematic  development  of  skills  and  meanings.  The 
suggestions  for  practice  should  aid  in  making  it  possible  to  accommo- 
date individual  needs  and  to  reduce  the  amount  of  time  devoted  to 
mere  drill  work.  A recognition  that  the  computational  side  of  arith- 
metic should  occupy  less  of  the  school’s  time  has  resulted  in  the  elimi- 
nation of  much  of  the  difficult  subject  matter  and  process  work  former- 
ly taught. 

The  way  any  bulletin  is  used  determines  its  value.  To  be  of  most 
value  it  should  not  be  thought  of  as  the  curriculum  but  as  an  aid  in 
developing  the  curriculum.  The  actual  experiences  of  the  teacher  and 
the  students  should  be  developed  upon  utilizing  these  materials  of 
instruction  as  an  aid  and  as  a guide. 

Frank  and  constructive  criticism  of  this  material  is  expected  and 
will  be  valued  as  the  basis  for  continuous  revision. 

LESTER  K.  ADE 
Superintendent  of  Public  Instruction 
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QUANTITATIVE  ASPECTS  OF  EXPERIENCING 
IN  THE  ELEMENTARY  SCHOOL 


I.  QUESTIONS  TEACHERS  ASK1 


A.  HOW  THIS  STUDY  WAS  MADE 

The  first  question  that  an  intelligent  reader  should  ask  about  a 
course  of  study  is,  “How  was  it  made?”  This  question  has  been  asked 
specifically  with  reference  to  Section  III  of  the  bulletin. 

In  general,  the  gradation  of  materials  for  the  separate  grades  is  an 
assembly  of  current  practices  for  teaching  arithmetic.  That  for  kin- 
dergarten and  first  grade  has  been  made  to  fit  into  curriculums  where 
the  ideal  of  child  growth  and  development  along  broad  lines  dominates 
the  school.  For  the  course  outline  covering  grades  two  to  six,  members 
of  the  Committee  analyzed  the  instructional  materials  in  a number  of 
state,  county,  and  city  courses  of  study.  Several  of  these  courses 
of  study  are:  Baltimore  County,  Denver,  Pittsburgh,  Philadelphia, 

and  Cheltenham  Township.  Also,  the  Committee  analyzed  ten  text- 
books used  most  widely  in  Pennsylvania.  After  analyzing  courses  of 
study  and  textbooks,  the  Committee  outlined  the  instructional  mate- 
rials. After  deciding  what  materials  to  include,  the  Committee  studied 
methods  of  teaching  various  topics.  In  some  instances  it  followed  the 
most  widely  accepted  practice.  For  example,  the  Committee  chose 
the  subtractive  method  for  teaching  subtraction.  The  subtractive 
method  is  used  generally  in  Pennsylvania,  and  there  is  no  positive 
evidence  that  any  of  the  additive  methods  are  superior.  Sometimes 
it  was  necessary  to  choose  between  the  findings  of  several  investiga- 
tions. To  illustrate,  the  Committee  chose  the  Knight-Behren  (21) 2 ar- 
rangement of  addition  and  subtraction  combinations  rather  than 
Clapp’s.3  Knight-Behren  arranged  the  combinations  in  an  order  of 
difficulty  as  shown  by  the  learning  of  second  grade  children.  Clapp 
arranged  the  combinations  in  an  order  of  difficulty  as  shown  by  the 
errors  of  sixth  grade  children.  In  many  instances,  however,  the  find- 
ings were  not  contradictory.  Steps  of  difficulty  in  long  division  are 
those  outlined  by  Osburn  (27)  following  his  study  in  Wisconsin.  The 
steps  of  difficulty  in  addition,  subtraction,  multiplication,  and  divi- 
sion of  fractions  are  those  Brueckner  (16)  describes.  Other  steps  of 
difficulty,  as  for  example  the  steps  in  teaching  column  addition,  are 
similar  to  the  Denver  and  Baltimore  County  courses  of  study. 

Each  of  the  three  members  of  the  Committee,  who  was  responsible 
for  certain  grades,  submitted  his  or  her  material  first  to  a sub-com- 
mittee and  second  to  the  entire  Committee.  Then  they  revised  the 

1 Questions  about  arithmetic  In  the  elementary  school  raised  frequently  by  Pennsyl- 
vania teachers  and  supervisors  with  the  Department  of  Public  Instruction  during  the 
past  two  years. 

8 Numbers  in  parenthesis  conjoined  with  citations  refer  to  the  references  listed  In 
Appendix  II. 

8 Clapp,  Frank  L.,  Professor  of  Education,  The  University  of  Wisconsin. 
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materials  to  conform  with  the  Committee’s  suggestions.  Next,  the 
advisory  committee  reviewed  the  work  and  suggested  changes.  After 
the  writers  revised  their  materials  again,  the  Committee  solicited  the 
criticism  of  members  of  the  State  Department  and  of  prominent  and 
representative  Pennsylvania  teachers  and  supervisors.  Then  the 
writers  revised  the  work  for  the  last  time. 

It  should  be  understood  that  the  materials  of  instruction  contained 
herein  are  not  a product  of  scientific  research.  All  members  of  the 
Committee  had  full  time  positions.  They  worked  on  the  bulletin  dur- 
ing their  leisure  hours.  Then,  too,  funds  were  not  available  for  re- 
search nor  for  trying  the  material  in  a number  of  schools.  Conse- 
quently, judgment  was  used  for  the  selection  of  materials  and  methods, 
for  the  arrangement  of  materials  in  order  of  difficulty,  and  for  the  grade 
placement  of  materials.  Sometimes  current  practice  substantiated 
the  Committee’s  judgment,  and  sometimes  research.  But  the  research 
in  arithmetic  did  not  seem  completely  conclusive  because  the  findings 
of  different  research  workers  were  likely  to  be  contradictory.  So 
other  duties,  no  funds,  and  non-existence  of  definitely  conclusive  re- 
search in  arithmetic  compelled  the  Committee  to  substitute  best 
judgment  for  scientific  method  in  preparing  materials  for  grades  two 
to  six. 


B.  HOW  TO  USE  THE  BULLETIN 

This  bulletin  is  one  of  suggestions  and  helps.  An  intelligent,  well- 
prepared  teacher  will  not  use  it  as  a taskmaster.  Instead,  she  will  use 
it  with  reference  to  the  abilities  and  needs  of  the  pupils  and  to  the 
unique  conditions  surrounding  the  teaching  situation.  The  teacher 
herself  needs  to  give  intelligent  interpretation  to  everything  suggested. 
She  needs  also  to  exercise  ingenuity  and  guidance  in  the  initiation  and 
development  of  classroom  activities  through  which  the  materials  of  this 
bulletin  may  be  used  to  assist  and  encourage  the  all-round  development 
of  the  child. 

Section  I may  be  used  as  reference  material  by  the  teacher  or  super- 
visor to  answer  specific  questions.  The  sources  listed  provide  oppor- 
tunities for  further  verification  and  study. 

Teachers  interested  in  making  arithmetic  teaching  and  learning  as 
vital  as  possible  may  find  in  Section  II  suggestions  and  examples  of 
opportunities  for  arithmetic  experiences  in  the  classroom.  These  mate- 
rials may  stimulate  and  suggest  ideas  to  teachers  in  their  organization 
and  use  of  curriculum  materials;  under  no  conditions  should  they  be 
followed  implicitly  with  a specific  group  of  children. 

Teachers  and  supervisors  may  use  Section  III  to  obtain  a long 
view  of  computational  development  for  the  average  child  from  about 
five  to  twelve  years  of  age.  They  may  learn  from  it  the  most  widely 
accepted  grade  placement  of  topics  and  processes  as  found  by  the 
Committee.  They  may  or  may  not  accept  this  perspective.  It  is  not 
expected  that  the  outlines  will  furnish  an  exact  order  of  teaching; 
they  are  to  serve  only  as  a guide. 
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The  detailed  gradation  of  materials  contains  suggestions  for  the  first 
teaching  and  review  of  processes.  It  suggests  how  far  to  develop  one 
process  before  beginning  another.  To  insure  against  too  rapid  intro- 
duction of  new  difficulties,  teachers  may  organize  their  instruction 
around  the  steps  of  difficulty  suggested.  Those  teachers  who  do  not 
have  workbooks  may  follow  the  steps  of  difficulty  under  each  process 
in  constructing  practice  exercises  and  for  diagnostic  tests  designed  to 
reveal  the  nature  of  the  pupil’s  difficulty.  Those  who  have  workbooks 
may  use  the  materials  of  Section  III  as  a partial  check  to  see  if  ade- 
quate practice  materials  are  provided  for  the  various  types  of  difficulty. 


C.  HOW  ARITHMETIC  IS  RELATED  TO  THE 
WHOLE  CURRICULUM 

In  order  that  this  work  may  possess  essential  unity  with  the  rest  of 
the  curriculum,  it  is  suggested  that  teachers  and  supervisors  review  the 
point  of  view  of  philosophy  stated  in  Bulletin  2324  which  will  serve  as  a 
general  guide  to  the  procedures  that  are  to  be  followed.  This  point  of 
view  takes  into  account  the  fundamental  purposes  of  the  school,  the 
conditions  under  which  the  school  operates,  and  other  significant  fac- 
tors. Pages  9-15  of  Bulletin  232  contain  appropriate  suggestions  for 
the  teacher  who  is  responsible  for  developing  understandings  and  for 
their  application  to  the  quantitative  phases  of  living. 

In  order  to  assign  to  arithmetic  its  proper  place  in  the  curriculum  of 
the  school,  let  us  review  the  nine  areas  of  experience5  recently  accepted 
by  members  of  the  Social  Studies  Committee,  Department  of  Public 
Instruction  of  Harrisburg,  Pennsylvania: 

1.  Protecting  life,  health,  and  property 

2.  Earning  a living 

3.  Making  a home 

4.  Expressing  spiritual  and  emotional  impulses 

5.  Expressing  aesthetic  impulses 

6.  Securing  an  education 

7.  Cooperating  in  social  and  civic  action 

8.  Improving  material  conditions 

9.  Engaging  in  recreation 

An  analysis  of  these  areas  of  experience  essential  to  complete  living 
and  of  the  place  of  arithmetic  in  their  attainment  suggests  that  arith- 
metic functions  very  much  with  reference  to  every  one  of  them.  Prob- 
ably the  most  specific  contributions  of  arithmetic  are  made  commonly 
with  reference  to  the  areas  numbered  one,  two,  three,  and  eight.  As 
instructional  units  in  conformity  with  these  areas  are  being  developed 
in  schools,  much  opportunity  for  quantitative  experiencing  of  a func- 
tional type  will  be  given. 

4 “Suggestions  for  the  Development  and  Use  of  Curriculum  Materials  in  the  Ele- 
mentary School,”  Department  of  Public  Instruction,  Harrisburg,  Pennsylvania,  1936. 

5 Pound  on  “A  Tentative  Chart  Showing  the  Scope  and  Sequence  of  the  Social  Studies 
Program.”  1938. 
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D.  HOW  IMPORTANT  IT  IS 

Modern  life  depends  upon  an  understanding  of  number  to  an  almost 
unbelievable  extent.  Number  ideas  are  used  in  almost  every  phase  of 
the  day’s  affairs  and  in  much  of  one’s  reading  and  thinking.  Compar- 
ing crop  productions,  estimating  distances  and  time,  visualizing  sizes 
of  objects  unseen,  understanding  losses  by  flood  and  fire,  understanding 
density  of  population,  all  require  number  concepts  both  large  and  small. 
Arithmetic  has  an  important  computational  value  as  well  as  an  in- 
formational value.  We  use  number  in  sales  transactions,  in  measuring 
materials,  and  in  a variety  of  ways  in  everyday  living.  There  is 
hardly  a single  act  of  human  endeavor  that  does  not  have  its  quantita- 
tive side. 

In  addition  to  the  computational  understandings  and  skills,  many 
habits,  attitudes,  and  appreciations  are  developed.  The  attitude  of 
the  pupil  toward  the  subject,  his  desire  to  continue  the  study  of  arith- 
metic, his  true  appreciation  of  the  quantitative  aspects  of  life,  his 
clearer  understanding  of  the  problems  of  the  home,  industry,  society, 
government,  and  many  similar  outcomes  are  among  those  that  are 
the  most  valuable.  The  development  in  the  pupil  of  such  desirable 
social  qualities  as  self-control,  the  ability  to  appraise  his  efforts  and 
his  own  contribution  to  the  advancement  of  the  social  group,  the  ability 
to  direct  his  activities  according  to  worthy  social  objectives,  and  the 
desire  to  assume  his  task  as  an  active  participant  in  the  affairs  of 
society  have  been  contributed  to  by  the  methods  that  have  been  used 
in  arithmetic  instruction. 

Through  materials  carefully  selected  to  meet  the  needs  of  the  child, 
both  now  and  later,  and  through  methods  of  teaching  which  call  for 
a maximum  of  purposeful  activity  on  the  part  of  the  pupils,  arithmetic 
contributes  to  every  cardinal  principle  of  education.  Because  of  its 
valuable  contributions  to  these  principles  of  (1)  citizenship;  (2)  wise 
use  of  leisure;  (3)  worthy  home  membership;  (4)  health;  (5)  tools  and 
processes  of  learning,  arithmetic  has  a very  important  place  in  the 
school. 


E.  WHAT  ARE  ITS  FUNCTIONS 

Perhaps  the  most  acceptable  functions  of  arithmetic  are  those  given 
in  the  Twenty-ninth  Yearbook  of  the  National  Society  for  the  Study 
of  Education  (8),  pp.  687-692.  It  is  quoted  in  full  as  follows:6 

1.  The  computational  junction. 

“Surveys  of  classroom  teaching  in  elementary  schools,  such  as  those 
by  Steel,  have  revealed  the  fact  that  approximately  eighty-six  per  cent 
of  the  time  devoted  to  arithmetic  is  used  for  the  presentation  of  new 
processes  of  computation  in  arithmetic  and  practice  in  working  abstract 
examples  in  new  and  previously  taught  processes.  The  remainder  of 
the  time,  only  fourteen  per  cent,  is  used  for  the  problem  work,  appli- 

6 Quoted  by  permission  of  the  Society. 
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cations  of  arithmetic,  projects,  diagnostic  work,  and  other  important 
aspects  of  instruction.  The  apparently  excessive  amount  of  time  de- 
voted to  the  phases  of  arithmetic  dealing  with  computation  shows 
that  under  present  conditions  the  computational  function  of  number 
is  considered  to  be  its  major  objective.  Judging  from  the  space  in 
the  Yearbook  given  to  aspects  of  instruction  related  to  computation, 
it  would  seem  that  in  the  opinion  of  the  Yearbook  Committee,  this 
phase  of  the  subject  is  the  most  significant  and  important.  Relatively 
little  attention  is  given  to  the  other  functions  of  arithmetic. 

“The  recognition  by  the  school  that  computation  should  probably 
be  stressed  less  than  has  been  the  case  in  the  past  has  resulted  in  the 
elimination  of  much  of  the  difficult  subject  matter  and  process  work 
formerly  taught.  More  effectively  organized  instructional  materials, 
constructed  according  to  principles  ably  presented  in  the  Yearbook, 
have  made  it  possible  to  reduce  the  amount  of  time  devoted  to  mere 
drill  work.  The  study  of  pupil  difficulties  and  the  development  of  ef- 
fective remedial  exercises  have  reduced  the  extent  of  pupil  mortality 
in  arithmetic  which  has  uniformly  been  found  to  be  one  of  the  chief 
causes  of  pupil  failure  in  the  elementary  grades. 

“It  has  also  been  recognized  that  mere  repetition  of  examples  in  a 
process  is  not  an  adequate  basis  of  drill.  The  modern  child-psy- 
chology movement,  with  its  emphasis  on  the  importance  of  meaningful, 
purposeful  experiences  on  the  part  of  the  pupil,  has  resulted  in  the 
elimination  of  many  of  the  faulty  kinds  of  routinized  practice  on  proc- 
esses. Stress  is  also  being  placed  on  the  concrete  application  of  com- 
putation in  the  daily  activities  of  the  children  and  of  adults  both  in 
and  out  of  school.  Hence  the  introduction  of  units  of  work  in  the 
arithmetic  curriculum  which  stress  other  functions  than  computation. 

“While,  under  the  present  conditions,  apparently  undue  stress  seems 
to  be  placed  on  the  computational  function  of  arithmetic,  it  seems 
reasonable  that  much  of  the  instruction  is  ineffective  because  of  faulty 
instructional  materials.  This  Yearbook  makes  a large  contribution 
in  the  detailed  consideration  of  principles  that  should  underlie  the 
development  of  skill  in  computation  and  the  construction  of  instruc- 
tional materials. 

2.  The  informational  function. 

“The  informational  function  is  concerned  with  the  problem  of 
teaching  various  aspects  of  arithmetic  in  such  a way  that  the  whole 
subject  will  have  a richness  of  meaning  and  content  that  is  not  possible 
when  the  major  stress  is  placed  on  mere  process  work  in  computation. 
For  example,  a pupil  may  be  taught  how  to  make  change  as  a process 
in  computation.  The  real  social  significance  of  the  concept  of  money 
is  not  made  clear  if  the  teacher  does  not  at  the  same  time  bring  out 
the  fact  that  a coin  is  the  end-product  of  a large  number  of  endeavors 
by  the  human  race  to  develop  a convenient,  efficient  means  of  express- 
ing value.  As  Judd  points  out,  the  coin  is  the  result  of  the  evolution 
of  a long  series  of  social  institutions.  A child  in  the  elementary  grades 
can  readily  appreciate  the  difference  between  barter  and  our  modern 
system  of  values.  He  can  sense  the  utility  and  simplicity  of  the  system 
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of  exchange  which  includes  such  elements  as  check,  bills,  notes,  trade 
acceptances,  bonds,  stocks,  etc.  In  a word,  the  mere  teaching  of  how 
to  make  change  which  is  concerned  wholly  with  the  computational 
application  of  number,  falls  far  short  of  the  educational  possibilities. 

“In  the  same  way  richness  of  meaning  may  be  brought  to  such  con- 
cepts as  the  measurement  of  length,  area,  weight,  time,  volume,  and 
other  quantitative  aspects  of  the  environment.  The  work  in  arithmetic 
from  this  point  of  view  will  consider  various  subjects  as  large  units 
for  study,  much  as  is  now  done  in  history  and  geography,  in  which  the 
evolution  of  transportation,  lighting,  etc.,  are  considered  at  length. 
There  is  no  reason  why  a reasonable  portion  of  the  time  in  arithmetic 
should  not  be  devoted  to  the  consideration  of  topics  of  social  sig- 
nificance because  of  the  information  that  the  child  will  acquire  rather 
than  because  of  the  practice  that  may  be  given  in  computation.  Con- 
sideration of  such  a problem  as  ‘How  does  the  grocer  use  arithmetic?’ 
provides  more  possibilities  for  the  consideration  of  desirable  quantita- 
tive relationships  than  the  solution  of  the  problem,  ‘How  many  boxes 
of  crackers  at  ten  cents  each  can  I buy  for  a dollar?’  which  merely 
gives  practice  in  computation  but  in  no  way  enriches  the  pupil’s  con- 
cepts of  the  functions  of  arithmetic. 

“Many  situations  in  geography,  history,  art,  and  other  school  sub- 
jects present  opportunities  for  the  consideration  of  important  quanti- 
tative aspects  of  the  environment.  It  is  essential  that  the  teacher 
recognize  the  application  of  number  in  all  phases  of  the  curriculum 
and  use  the  opportunities  thus  presented  to  enrich  and  vitalize 
the  meaning  and  utility  of  number.  Much  vital  information  may  be 
imparted  through  the  consideration  of  such  topics. 

“Special  attention  should  be  given  to  the  problem  of  helping  the 
pupil  acquire  meaningful  and  reasonably  accurate  concepts  of  units 
of  measure  and  rules  of  procedure.  A pupil  may  learn  how  to  compute 
the  number  of  units  of  length  in  the  perimeter  or  the  number  of  square 
units  in  the  area  of  a room  of  which  he  must  first  find  the  dimensions. 
One  great  deficiency  of  much  of  our  so-called  ‘problem  work’  is  that 
the  pupil  is  usually  given  all  of  the  facts  needed  to  solve  the  problem 
— a wholly  unlifelike  situation.  Undoubtedly  the  pupil  will  acquire 
a much  richer  variety  of  number  concepts  by  actual  application  of 
units  as  they  are  intended  to  be  used,  where  he  must  eliminate  non- 
essentials  and  select  and  organize  the  essentials  in  arriving  at  the 
answer  to  a problem  or  the  solution  of  some  difficulty. 

“The  consideration  of  the  significance  and  structure  of  our  number 
system  presents  much  rich  material  which  is  often  entirely  overlooked 
as  a means  of  developing  his  appreciation  of  the  many  efforts  of  the 
human  race  to  develop  the  simple  number  system  which  has  played 
such  a vital  part  in  the  social,  economic,  and  the  industrial  progress 
of  the  past  few  centuries. 

“Probably  many  such  topics  as  longitude  and  latitude,  building 
and  loan  associations,  and  certain  aspects  of  investments  should  be 
taught  largely  on  an  informational  basis  rather  than  because  of  the 
computations  involved.  Increased  stress  on  the  informational  function 
of  arithmetic  will  result  in  more  discussions  of  the  meaning  of  number 
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and  the  significance  of  the  application  of  number  to  all  sorts  of  situa- 
tions. Topics  will  not  be  selected  merely  because  they  give  practice 
in  computation,  but  in  part  at  least  because  of  the  contribution  they 
may  make  to  the  ‘richness  and  fullness  of  life.’ 

“It  is  the  judgment  of  the  Reviewing  Committee  that  the  informa- 
tional function  of  arithmetic  should  have  been  given  more  considera- 
tion in  the  discussions  of  the  social  value  of  arithmetic. 

3.  The  sociological  junction. 

“Arithmetic  should  make  a vital  contribution  to  the  intelligent  con- 
sideration of  various  aspects  of  business,  consumption,  production, 
government,  and  social  relationships  which  lend  themselves  to  quanti- 
tative study  and  analysis.  The  real  meaning  and  significance  of  profit 
and  loss,  the  responsibilities  and  difficulties  of  the  retailer  and  the 
wholesaler,  and  the  relationships  of  the  home  and  business  establish- 
ments are  part  of  the  field  of  arithmetic.  Harap  has  demonstrated 
the  necessity  of  giving  definite  attention  to  the  presentation  of  the 
types  of  quantitative  information  that  will  make  the  individual  more 
intelligent  in  the  selection  of  his  food,  clothing,  and  shelter;  that  is,  a 
more  intelligent  consumer.  Very  little  consideration  has  been  given 
to  this  aspect  of  arithmetic  in  this  Yearbook.  In  the  teaching  of  taxes 
increased  stress  should  be  placed  on  the  meaning,  necessity,  and  im- 
portance of  taxes  as  a social  institution,  rather  than  on  the  methods 
by  which  taxes  are  computed.  In  no  other  subject  is  there  the  oppor- 
tunity to  teach  the  pupils  the  considerations  that  should  underlie  the 
investing  and  saving  of  money,  and  many  other  problems  dealing 
with  the  quantitative  aspects  of  social  relationships. 

“A  consideration  of  certain  topics  in  arithmetic  may  well  be  used 
as  a means  of  showing  how  complex  international  problems  have  been 
settled  by  common  agreement.  Even  if  it  may  seem  unnecessary  to 
teach  in  detail  the  metric  system,  this  topic  represents  an  interesting 
illustration  of  an  attempt  to  solve  by  the  common  acceptance  of  a 
simple  decimal  system  the  vexing  problems  due  to  a lack  of  uniformity 
in  measurement  units  among  the  peoples  of  the  earth.  Although  the 
metric  system  has  not  yet  been  accepted  as  the  standard  in  the  United 
States  and  Great  Britain,  it  seems  certain  that  the  question  of  its 
acceptance  is  a mere  matter  of  time  and  an  intelligent  apprecia- 
tion of  the  simplicity  of  the  system.  The  universal  acceptance  of 
the  calendar  is  another  illustration  of  the  way  necessity  has  forced 
the  human  race  to  agree  on  a common  method  of  dealing  with  a 
quantitative  aspect  of  the  environment. 

“In  the  pages  of  the  Yearbook  there  are  to  be  found  from  time  to 
time  references  to  topics  which  suggest  that  its  writers  had  in  mind 
the  sociological  function  of  arithmetic.  However,  these  items  are 
buried  in  the  stress  that  has  been  placed  on  the  computational 
function. 

4.  The  psychological  function. 

“Number  may  be  thought  of  as  a method  of  thinking.  The  scientist 
thinks  with  precision  because  he  has  devised  ways  of  expressing  his 
concepts  quantitatively  and  compactly  by  means  of  number.  Order, 
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arrangement,  and  precision  characterize  his  methods  of  thinking.  The 
concepts  of  the  savage  are  vague  and  indefinite  since  he  has  not 
developed  a basis  of  expressing  them  quantitatively  or  in  an  orderly 
manner.  He  has  no  way  of  expressing  relationships  clearly  because 
he  lacks  the  techniques  that  have  been  invented  for  stating  these 
relationships  simply,  such  as  ratio,  averages,  medians,  modes,  correla- 
tions, and  similar  statistical  devices.  Such  terms  abound  in  books, 
newspapers,  and  magazines.  To  read  intelligently  the  reader  must 
have  a true  appreciation  of  their  functions. 

“The  frequency  table  and  the  correlation  table  have  provided 
methods  by  which  a large  number  of  facts  may  be  organized  and 
interpreted.  Graphs  and  diagrams  help  to  present  the  facts  in  con- 
venient form.  The  pupil  should  learn  to  read  and  to  construct  the 
simple  form  of  graphs  found  in  his  reading  and  to  sense  their  limita- 
tions. The  modern  basis  of  insurance  and  of  many  other  forms  of 
investment  is  the  statistical  organization  and  interpretation  (often 
with  the  aid  of  the  mathematics  of  probability)  of  a vast  amount  of 
quantitative  data.  Arithmetic  can  contribute  much  to  the  develop- 
ment of  a realization  of  the  utility  and  importance  of  commonly  used 
statistical  and  graphic  devices. 

“The  concepts  of  ratio  and  proportion  are  methods  of  thinking 
which  can  only  be  developed  by  this  repeated  application  in  concrete 
situations  in  which  they  function.  They  cannot  be  developed  merely 
as  abstract  notions. 

“A  recognition  of  the  value  of  accurate  quantitative  information 
as  a basis  for  forming  judgments  and  making  decisions  should  result 
from  the  repeated  consideration  and  weighing  of  such  facts  in  the 
solution  of  problems  of  concern  to  the  individual  or  group.  The 
ability  to  recognize  the  limitations  of  data  and  to  evaluate  them  is 
an  important  aspect  of  quantitative  thinking  in  reading  which  has 
often  been  overlooked  as  a desirable  outcome  of  arithmetic  instruction. 

“A  careful  reading  of  the  manuscript  of  the  Yearbook  does  not 
reveal  sufficient  evidence  to  warrant  the  assumption  that  the  Yearbook 
Committee  has  given  this  important  function  of  arithmetic  adequate 
consideration.  The  importance  of  number  as  a tool  needed  in  all 
lines  of  human  endeavor  is  pointed  out;  however,  its  importance  as 
a method  of  thinking  is  not  stressed.  In  his  review,  Horn  especially 
stresses  the  necessity  of  considering  the  contributions  arithmetic  can 
make  to  the  development  of  ability  to  ‘think  in  reading’  when  quanti- 
tative concepts  and  relationships  are  being  considered.” 

F.  HOW  TO  GROUP  PUPILS  FOR  INSTRUCTIONAL 

PURPOSES 

Research  findings  verify  the  existence  of  a wide  variation  in  capacity 
and  attainment  within  a single  class  group  and  of  an  extensive  overlap 
with  capacities  and  abilities  in  adjacent  grades.  Burr,7  Burton,8  and 

7 Burr,  M.  Y.  A Study  of  Homogeneous  Grouping  in  Terms  of  Individual  Variation 
and  the  Teaching  Problem.  Bureau  of  Publications,  Teacher  College,  Columbia  Univer- 
sity. 1931. 

8 Burton,  W.  H.  Introduction  to  Education.  Appleton-Century.  1934.  pp.  548-564. 


8 


QUANTITATIVE  ASPECTS  OF  EXPERIENCING 


others  have  found  that  in  groups  made  to  be  as  homogeneous  as 
possible  in  any  one  respect,  we  may  expect,  on  the  average,  that  a 
noticeable  percentage  of  the  children  will  be  above  the  mean  of  the 
grade  above  theirs  and  a noticeable  percentage  will  be  below  the  mean 
of  the  grade  below  theirs  in  other  respects.  Such  a variation  will 
exist  not  only  in  relation  to  the  composite  achievement  in  each  sub- 
ject but  also  in  respect  to  the  numerous  abilities  and  achievements 
in  each  subject  matter  field.  Thus  in  the  learning  of  each  separate 
process  in  arithmetic,  in  ability  to  apply  it  and  to  see  its  significance, 
and  in  the  development  of  appreciations  and  interests  as  concomitants 
to  the  learning  process,  wide  variation  of  accomplishment  for  the 
children  of  a class  will  be  found  to  exist. 

How  then  can  we  recommend  a grade  placement  of  topics  which  can 
do  justice  to  all  children  found  in  a given  grade?  For  every  topic 
suggested,  part  of  the  children  will  have  far  exceeded  that  stage  of 
development  in  arithmetic  and  further  study  of  it  will  result  in 
drudgery  and  a marking  of  time.  Likewise,  a goodly  number  of  the 
children  will  not  yet  be  ready  to  cope  successfully  with  the  new  topics 
suggested  for  the  grade.  If  the  latter  pupils  are  subjected  to  instruc- 
tion upon  topics  obviously  too  difficult  for  them  to  learn,  inefficient 
teaching  and  learning  will  result.  It  is  recommended,  therefore,  that 
each  teacher  first  utilize  inventory  and  diagnostic  tests  to  discover 
the  level  of  development  of  each  child  as  well  as  his  peculiar  weak- 
nesses in  arithmetic  and  then  begin  teaching  him  at  the  point  where 
his  present  knowledge  ends.  Tests  to  locate  difficulties  and  achieve- 
ments peculiar  to  each  process  need  to  be  given  before  the  teaching 
of  that  process  is  started. 

In  two  articles  Washburne  (32)  points  out  the  importance  of  con- 
sidering the  mental  age  of  the  pupil  in  determining  his  readiness  for 
learning  in  arithmetic.  He  reports  the  results  of  the  study  of  the 
Committee  of  Seven  to  determine  the  cause  of  a large  number  of 
failures  in  arithmetic.  The  findings  “showed  that  there  was  a definite 
time  in  a child’s  life  before  which  it  was  not  efficient  to  teach  a given 
topic  and  after  which  a topic  could  be  taught  with  reasonable  effective- 
ness. This  time  could  be  determined  by  the  child’s  previous  knowledge 
of  arithmetic  and  his  mental  age.”  The  Committee  of  Seven  discusses 
the  various  topics  in  arithmetic  and  suggests  the  time  when  each 
might  be  learned  more  effectively.  For  each  topic  the  minimum  and 
the  optimum  mental  age  is  indicated. 

The  present  bulletin  suggests  a sequence  or  orderly  arrangement  of 
topics  to  be  developed  so  that  the  child’s  learning  may  be  coordinated 
from  one  level  to  another.  As  has  been  stated  previously,  this  order 
of  teaching  is  not  an  arbitrary  one.  Not  all  authorities  agree  to  it 
and  if  any  teacher  finds  good  reasons  for  making  changes,  she  may 
feel  justified  in  so  doing.  Careful  study  of  the  relative  difficulty  of 
processes  has  been  made  by  the  Committee  responsible  for  this  course 
of  study.  It  is  felt  that  the  order  of  processes  here  suggested  is  worthy 
of  careful  consideration.  A sense  of  such  an  order  of  coordinated 
development  is  more  important  in  a scheme  of  teaching  than  to  know 
the  grade  allocation  of  topics. 
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It  is  in  accord  with  modern  educational  principles  for  the  teacher 
to  accept  all  children  who  come  to  her,  to  find  the  status  of  their  abili- 
ties and  achievements  and  to  build  upon  existing  foundations.  Some- 
times smalt  groups  divided  according  to  like  potentialities  and  abilities 
and  sometimes  individuals  taken  alone  will  be  the  best  form  of  classi- 
fication for  teaching  purposes  so  that  the  work  for  each  child  may  be 
adjusted  to  his  needs. 


G.  IN  WHAT  GRADES  SHALL  THE  COMPUTATIONAL 
TOPICS  BE  PLACED 

Since  authorities  do  not  agree  on  the  grade  placement  of  topics  and 
since  research  gives  us  little  help  in  drawing  conclusions,  it  is  difficult 
to  make  recommendations  which  are  not  arbitrary.  Since  the  Com- 
mittee organized  the  content  by  grades,  it  was  necessary  for  them  to 
deal  with  the  grade  placement  problem.  They  agreed  upon  the  follow- 
ing arrangement: 


Grade 

Topic 

II 

Easy  addition  and  subtraction 

II-V 

Complete  addition  and  subtraction 

II-V 

Multiplication 

II-IV 

Easy  division 

IV,  V 

Long  division 

V,  VI 

Addition  and  subtraction  of  fractions 

V,  VI 

Multiplication  and  division  of  fractions 

I-VI 

Denominate  numbers 

VI 

Decimals 

VI 

Percentage  and  commercial  forms 

During  the  summer  of  1937  a study  was  conducted  to  compare  the 
grade  placement  suggested  by  the  Committee  with  that  advocated  by 
influential  educators  in  Pennsylvania  and  by  good,  recent  courses  of 
study  and  textbooks.  The  results  of  that  study  may  be  found  in 
Section  I of  the  Appendix.  It  will  be  noticed  that  Pennsylvania’s 
grade  placement  does  not  differ  radically  from  that  advocated  by 
these  other  sources. 

Again,  and  for  the  sake  of  emphasis,  let  it  be  repeated  that  although 
a topic  is  placed  at  a certain  grade  level  it  never  means  that  certain 
aspects  of  it  may  not  be  introduced  at  a lower  level  if  compelling 
interests  and  needs  felt  by  the  child  make  it  appropriate  and  mean- 
ingful at  that  time.  On  the  other  hand,  the  teaching  of  certain  topics 
may  be  delayed  until  sufficient  readiness  for  them  is  present  or  pro- 
longed until  sufficient  skill  has  been  obtained.  In  other  words,  the 
important  problem  for  the  teacher  is  not,  “In  what  grade  shall  certain 
topics  be  taught?”  Her  problem  is  continually,  “What  can  I do  to 
accomplish  the  best  possible  total  development  of  each  of  my  pupils 
who  has  needs  differing  in  varying  degrees  from  those  of  every  other 
pupil?” 
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H.  WHAT  UNIFORM  PROCEDURES  TO  ENCOURAGE 

As  stated  previously,  there  are  real  reasons  for  some  uniformity  of 
practice  throughout  the  State  so  that  there  may  be  stronger  assurance 
of  a continuity  of  growth  for  children  who  change  schools  frequently. 
It  is  also  believed  that  the  use  of  one  method  of  computation  makes 
for  a greater  degree  of  accuracy  which  leads  children  to  an  attitude 
of  confidence  and  success.  However,  if  the  children  have  been  taught 
by  another  method,  it  is  probably  advisable  for  them  to  continue  it. 

There  are  many  topics  in  arithmetic  for  the  teaching  of  which  ex- 
perience -and  research  have  not  pointed  to  the  most  desirable  procedure. 
Doubtless  the  last  word  as  to  method  has  not  yet  been  determined 
upon  for  any  single  topic.  Until  such  time  as  research  can  give  definite 
answers  on  method  for  some  topics,  we  must  rely  upon  the  experiences 
and  ingenuity  of  teachers;  and  for  these  items  each  teacher  is  encour- 
aged to  experiment  for  herself  until  she  finds  the  best  and  most  effec- 
tive method  for  her  own  use.  However,  there  are  a few  aspects  of 
arithmetic  for  which  research  gives  helpful  suggestions  as  to  method. 
It  is  only  these  latter  items  which  will  be  given  consideration  here. 

1.  In  addition. 

Some  authorities  (17)  claim  that  it  is  better  to  add  down  the  column 
of  figures  because  (a)  there  is  more  carry  over  of  eye-habits  in  reading 
than  is  true  of  adding  up  the  column;  (b)  we  write  our  figures  down- 
ward; (c)  when  we  add  downward,  we  arrive  at  the  point  where  the 
answer  figures  are  to  be  written;  and  (d)  upward  adding  means  a 
complicated  series  of  eye  movements  in  carrying.  Others  point  out 
that  if  pupils  are  taught  to  begin  at  the  bottom  of  the  column  and  add 
upwards,  the  eye  movements  are  similar  to  those  that  will  be  used 
later  in  subtraction  and  multiplication.  Experimentation  seems  to 
show  that  there  is  little  difference  in  speed,  efficiency,  or  accuracy 
whether  the  column  is  added  up  or  down.  The  best  process  is  to  add 
the  column  in  one  direction  and  then  check  by  adding  in  the  opposite 
direction.  Casting  out  the  nines  or  other  methods  of  checking  are 
not  recommended  for  elementary  pupils.  This  bulletin  recommends 
that  the  child  be  taught  to  add  downward  first  and  then  to  check  his 
results  by  adding  upward;  this  provides  an  additional  amount  of  prac- 
tice and  enables  the  child  to  locate  his  own  errors. 

Example: 

145 

33 

add  f 47  1 check 

* 65  * 

145 

Counting  in  addition  should  be  discouraged  because  it  is  inefficient 
and  is  mathematically  incorrect.  Writing  down  at  the  head  of  the 
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column  the  numbers  that  are  carried  should  be  recognized  as  a “crutch” 
but  discontinued  as  soon  as  possible.  In  adding  a column  such  as 

2 

5 a pupil  should  be  encouraged  to  give  the  partial  sums  only.  Thus 
_4_ 

as  he  adds  he  should  think  4,  9,  11  instead  of  4 and  5 are  9,  9 and  2 
are  11. 

2.  In  subtraction. 

The  two  most  commonly  used  methods  of  subtraction  are  known  as 
the  additive  and  the  subtractive  methods.  Others  are  variations  or 
combinations  of  these  two.  Experimental  investigations  (31)  on  the 
various  methods  have  been  made  but  none  has  proved  conclusively 
that  one  method  is  superior  to  any  other  method.  The  subtractive 
method  is  suggested  as  the  one  to  be  followed  in  Pennsylvania  for 
these  reasons:  (1)  It  is  more  generally  used;  (2)  Checking  the  an- 

swers by  addition  is  possible  without  using  the  same  process  twice; 
(3)  Investigations  show  that  a large  percentage  of  those  taught  sub- 
traction by  the  additive  method  drop  it  for  the  subtractive  method 
after  leaving  the  classroom. 

If  any  pupil  finds  the  additive  method  more  to  his  liking,  he  cer- 
tainly should  be  allowed  to  use  it.  For  the  sake  of  avoiding  confusion 
on  the  part  of  pupils  as  they  pass  from  one  teacher  to  another,  how- 
ever, it  is  hoped  that  all  teachers  will  adopt  the  subtractive  method  in 
their  instruction.  The  additive  method  not  only  can  but  should  be 
used,  as  subtraction  is  needed  in  the  making  of  change  in  United  States 
money;  this  is  one  exception  to  the  general  rule  for  using  the  subtrac- 
tive and  borrowing  method. 

3.  In  division. 

Many  studies  have  been  made  regarding  the  relative  merits  of  using 
the  short-division  or  the  long-division  form  when  examples  consist  of 
one-digit  divisors.  Grossnickle  (18)  made  a recent  study  with  2,365 
pupils  in  grades  5-15  to  determine  the  superiority  of  the  long  or  short- 
division  form  when  using  a one-figure  divisor.  A test  involving  an 
element  of  time  was  given  in  two  parts,  consisting  of  easy  and  difficult 
examples — Form  A,  short-division;  Form  B,  long-division.  The  author 
recommends  that  only  one  form  be  taught — the  long-division  form— 
because  his  findings  showed  it  to  be  superior.  The  short-division  form, 
he  suggests,  may  be  used  as  a short  cut  after  pupils  have  become  pro- 
ficient. While  these  articles  report  a study  of  upper  grade  practice, 
it  is  significant  for  primary  number  in  that  from  the  beginning,  as 
pointed  out,  the  division  facts  themselves  should  be  presented  to  pre- 

5 

pare  children  for  the  long-division  form,  thus  5)25  and  not  5)25. 

~5 
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The  recommendation  of  this  bulletin  is  that  the  long-division  form 
should  be  adopted  in  instruction  in  division  examples  with  one-figure 
divisors.  Superior  pupils,  with  a subtle  suggestion,  will  readily  acquire 
the  short  method  when  they  need  it  as  a short  cut.  In  teaching  pro- 
cedures, at  least,  there  will  not  be  short-division  and  long-division, 
but  merely  division. 

4.  Well-arranged  work. 

Every  teacher  is  expected  to  emphasize  the  desirability  of  well- 
arranged  work.  Neatness  of  written  work  and  well  formed  figures 
should  be  the  goal. 


I.  TRANSFER  OF  LEARNING:  DOES  IT  EXIST 

From  a period  of  belief  in  the  complete  and  magical  spread  of  learn- 
ing to  a period  of  belief  in  total  absence  of  all  transfer,  we  are  emerg- 
ing now  to  a “middle  of  the  road”  point  of  view.  Experimental  evi- 
dence, summarized  in  The  Tenth  Yearbook  of  the  National  Council 
of  Teachers  of  Mathematics  (29),  together  with  other  research  studies, 
warrants  the  following  conclusions: 

1.  “Improvement  in  one  mental  function,  through  instruction  and 
practice,  often  results  in  very  substantial  gains  in  other  related  func- 
tions. In  some  cases  this  improvement  may  be  as  great  as  that  in  the 
function  practiced. 

2.  “The  amount  of  transfer,  or  improvement  in  the  untaught  func- 
tion, depends  not  only  upon  the  relation  between  the  taught  and  the 
untaught  functions,  but  upon  the  method  of  teaching  as  well.  The  fact 
that  no  transfer  is  obtained  by  one  method  of  teaching  is  no  proof 
that  considerable  spread  might  not  take  place  with  another  method  of 
instruction. 

3.  “Transfer  is  greatly  increased,  at  least  in  some  cases,  by  methods 
of  teaching  that  (a)  help  the  pupils  formulate  general  rules  or  methods 
of  procedure  from  the  specific  cases  taught,  (b)  emphasize  likenesses 
between  the  old  and  the  new  situation  and  train  the  pupils  to  look 
for  and  recognize  such  likenesses,  and  (c)  give  the  pupils  a real  under- 
standing of  the  procedure  employed,  by  making  clear  the  reasons,  or 
the  principles,  underlying  this  method.” 

A few  studies  which  help  to  verify  some  of  the  above  conclusions 
are  here  given.  An  interesting  experiment  by  Overman  (28)  showed 
that  transfer  takes  place  “in  useful  amounts”  and  is  quickened  by  the 
extent  to  which  the  methods  of  instruction  help  the  child  to  generalize. 
A study  by  Orlander  (26)  demonstrated  that  ability  developed  in  55 
simple  combinations  in  addition  and  in  55  similar  combinations  in 
subtraction  transferred  almost  completely  to  the  45  remaining  simple 
number  combinations  in  these  two  processes.  An  unusually  hopeful 
transfer  is  indicated  by  the  study  of  Beito  and  Brueckner  (12).  The 
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subjects  of  this  study  were  the  children  enrolled  in  three  2B  grades. 
The  experiment  was  continued  over  a period  of  four  weeks.  The  main 
findings  indicated  that  when  children  were  taught  as  thoroughly  as 

7 

possible  the  direct  forms  of  an  addition  combination  such  as  4,  the 
4 

reverse  form  7,  was  learned  at  the  same  time. 

What  then  is  the  “middle  of  the  road”  procedure  which  should 
emerge  from  our  present  knowledge  of  transfer  of  learning  and  the 
methods  of  increasing  such  spread? 

1.  Having  proved  that  transfer  does  occur  in  useful  amounts, 
economy  and  efficiency  demand  that  we  make  the  securing  of  the 
maximum  helpful  transfer  a conscious  aim  of  our  instruction.  Experi- 
mental evidence  indicates  that  this  can  best  be  done  in  two  ways:  (a) 
by  helping  pupils  formulate  principles  and  general  methods  of  pro- 
cedure from  the  specific  types  taught,  and  (b)  by  pointing  out  like- 
nesses of  principle  and  method  between  the  new  and  the  old.  Thus 
the  generalization  that  the  right  hand  column  must  be  kept  straight  in 
the  writing  of  addition  and  subtraction  problems  needs  to  be  pointed 
out  again  and  again  as  new  examples  and  new  situations  are  handled. 

2.  We  cannot  depend  upon  transfer  alone,  for  experimental  evi- 
dence shows  that  many  pupils  fail  to  make  this  transfer.  We  cannot, 
therefore,  give  instruction  and  practice  on  one  type  of  situation  only 
and  trust  to  transfer  to  take  care  of  all  the  other  types.  We  must  con- 
tinue to  teach  all  of  the  different  facts  and  all  of  the  different  types  of 
examples  in  the  fundamental  processes. 


J.  HOW  MUCH  TIME  TO  ALLOT  TO  ARITHMETIC 

It  is  not  feasible  to  prescribe  the  minimum  or  the  optimum  amount 
of  time  needed  to  give  effective  instruction  in  any  school  subject.  This 
depends  to  a large  extent  upon  the  needs,  interests,  and  aptitudes  of 
the  children.  The  rest  of  the  curriculum  of  the  school  is  involved  also. 
“If  the  curriculum  is  organized  even  in  part  on  an  activity  basis,  a 
definite  amount  of  time  cannot  be  set  aside  for  arithmetic,  since  num- 
ber will  be  an  inherent  part  of  the  total  situation  in  which  the  need 
arises  naturally  in  the  course  of  the  activity.”  (8:695)  As  arithmetic 
takes  its  place  among  the  important  social  studies  and  its  broadened 
objectives  are  met,  an  increase  (rather  than  a decrease)  in  customary 
time  allotments  may  be  required.  Time  required  for  the  computational 
phase  of  arithmetic  has  been  the  governing  factor  in  determining  time 
allotments  in  the  past.  The  following  are  time  allotments  for  arith- 
metic in  the  elementary  grades  suggested  in  previous  studies.  The  last 
one  recommends  a time  allotment  for  systematic  instruction  in  schools 
where  the  growing  tendency  is  to  displace  formal  instruction  in  arith- 
metic for  the  primary  grades  and  to  make  arithmetic  a part  of  instruc- 
tional units  including  other  subjects. 
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Weekly  Time  Allotments  for  Arithmetic 


Grades 


I 

II 

III 

IV 

Y 

VI 

Bagley  and  Kyte,  1924s  .. 

0 

140 

215 

215 

220 

220 

Brueckner’s  Summary, 
192710  

90 

150 

200 

225 

225 

225 

Mann  Investigation,  1926* 11 

80 

146 

196 

211 

215 

215 

Twenty-ninth  Yearbook 
(8:77)  •.... 

75  100 

125-150 

175-200 

200-225 

200-225 

200-225 

California  State  Depart- 
ment of  Education, 
193612  

0 

0-75 

150 

200 

200 

200 

There  is  a general  hesitancy  to  propose  daily  or  weekly  time  allot- 
ments because  of  the  inconsistency  with  the  idea  of  adjusting  the  work 
to  meet  the  varying  conditions  and  needs  of  classes  as  well  as  indi- 
viduals. Perhaps  it  is  well  to  check  one’s  practice  as  to  time  allot- 
ments from  time  to  time  with  practices  in  other  schools  and  then  make 
adjustments  according  to  the  conditions  peculiar  to  one’s  own  school. 


K.  HOW  AND  WHEN  TO  PROVIDE  FOR  DRILL 

If  drill  is  educative,  it  represents  an  effort  made  by  the  learner,  each 
time  he  goes  through  a performance,  to  come  nearer  to  doing  the  thing 
with  the  effectiveness  he  needs  in  his  enterprises.  Drill  does  not  con- 
sist of  repeating.  Each  effort  is  an  attempt  to  achieve  that  something 
which  was  not  achieved  in  previous  attempts.  It  implies  that  the 
learner  sees  a relationship  between  the  drill  task  and  goals  toward 
which  it  is  taking  him.  It  will  mean  planning  each  time  how  he  can 
best  act.  It  will  mean  concern  about  results  in  acquiring  and  in  apply- 
ing the  skills,  habits,  and  techniques. 

Thoughtful  teachers  are  not  abandoning  drill ; rather  they  are  trying 
to  give  to  it  a more  dynamic  interpretation.  They  have  come  to  see 
the  problem  of  planning  the  work  with  regard  for  the  needs  and  inter- 
ests of  the  learner.  Some  of  these  needs  may  be  discovered  by  testing 
before  the  practice  is  started;  sometimes  needs  for  practice  may  grow 
out  of  the  child’s  living.  These  teachers  even  encourage  cooperative 
planning  by  the  teacher  and  the  pupil  to  determine  the  what,  the 
when,  and  the  how  of  drill.  The  emphasis  is  upon  an  effort  to  get  the 

8 Bagley,  W.  C.  and  Kyte,  G.  C.  The  California  Curriculum  Study.  University  of 
California  Printing  Office.  1926.  p.  105. 

10  Burton,  W.  H.,  Editor.  The  Supervision  of  Elementary  Subjects.  Appleton.  1929. 

p.  21. 

11  Mann,  C.  H.  How  Schools  Use  Their  Time.  Bureau  of  Publications,  Teachers 
College,  Columbia  University.  1928.  pp.  19-23. 

12  California  State  Department  of  Education.  Teacher’s  Guide  to  Child  Development 
in  the  Intermediate  Grades.  1936.  p.  382. 
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child  to  feel  and  to  take  responsibility  for  his  learning  by  studying 
not  only  how  he  can  acquire  it  but  also  by  studying  how  he  can  best 
use  it  in  the  attainment  of  goals  felt  by  him  to  be  worthwhile. 

In  a number  of  schools  one  now  finds  much  emphasis  upon  the  sig- 
nificance of  each  member  of  the  class.  It  is  recognized  that  each 
learner  should  be  understood  in  terms  of  his  total  living  and  in  terms 
of  his  present  accomplishments.  It  is  assumed  that  what  he  does 
now  should  be  in  terms  of  what  he  should  be  doing  next  in  order  to 
adjust  effectively  to  the  situations  he  is  called  upon  to  meet.  This 
emphasis  explains  why  many  teachers  are  breaking  away  from  mass 
instruction  and  why  they  no  longer  assume  that  all  learners  in  a given 
group  should  engage  in  the  same  drill  at  the  same  time  and  in  the 
same  amount. 

One  now  finds  classes  where  the  time  schedule  is  not  fixed  in  ad- 
vance but  is  planned  by  the  teacher  and  children  from  day  to  day  or 
from  week  to  week.  During  one  period  of  the  day,  designated  as  a 
skills  or  drill  period,  opportunities  may  be  provided  for  drill  needed 
in  grammar,  arithmetic,  writing,  spelling,  and  music  that  is  concerned 
with  the  learning  of  songs.  The  kind  of  drill  and  the  amount  of  time 
given  to  it  will  be  determined  with  and  for  each  child  in  terms  of  his 
needs.  Thus  present  needs  and  individual  differences  can  be  recog- 
nized during  the  drill  period. 


L.  HOW  TO  USE  ARITHMETIC  IN  AN 
ACTIVITY  PROGRAM 

Arithmetic  is,  as  we  have  said,  a vital  part  of  living.  In  the  full 
development  of  most  activities  of  life,  as  is  illustrated  in  the  home, 
arithmetic  will  be  necessary  many  times.  Learning  to  measure  and 
to  estimate  measurements  accurately  are  necessary  to  effective  cook- 
ing, sewing,  and  to  the  furnishing  and  decoration  of  the  home.  Learn- 
ing to  see  life’s  values  in  their  rightful  quantitative  proportions  is 
essential  to  budgeting  the  income  satisfactorily.  Seeing  the  quantita- 
tive relationship  between  the  amount  of  money  spent  for  the  materials 
received  and  their  respective  contributions  to  the  happiness  of  living 
as  richly  as  possible  is  essential  to  purchasing  wisely.  Determining 
and  sensing  quantity  and  relationships  in  relation  to  materials,  space, 
and  time  calls  for  much  use  of  number  and  of  quantitative  thinking 
in  the  making  of  a home.  Here  arithmetic  serves  as  a tool,  or  as  a 
means  to  the  solution  of  a larger  purpose,  rather  than  as  an  end  in 
itself. 

It  is  believed  that  arithmetic  is  indispensable  to  the  life  of  any  nor- 
mal child.  Each  day  is  filled  with  situations  in  which  a child  must 
make  use  of  number  in  his  work  and  play:  he  must  be  able  to  count 
his  marbles  to  see  that  he  has  located  all  of  them  at  the  end  of  the 
play  period,  or  the  number  of  days  before  his  birthday  party;  to 
measure  the  ingredients  for  a batch  of  cookies  or  the  length,  width, 
and  thickness  of  a board  for  a boat;  to  handle  money  in  the  school 
lunch  room  or  to  total  the  cost  of  his  school  supplies;  to  divide  equally 
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the  party  sandwiches  among  his  friends  or  to  apportion  the  cost  of  a 
book  among  the  members  of  the  group;  to  determine  by  the  use  of 
the  clock  when  the  work  period  will  terminate  and  to  know  when  it  is 
time  for  the  school  assembly;  to  differentiate  between  more  and  less, 
larger  and  smaller,  heavier  and  lighter,  longer  and  shorter,  and  the  like. 

Some  schools  find  that  better  results  are  obtained  if  the  arithmetic 
instruction  for  children  in  kindergarten  and  in  the  first  and  second 
grades  is  confined  largely  to  guiding  them  in  experiences  so  that  they 
may  have  an  opportunity  to  work  at  arithmetic  inductively.  They 
find  that  less  drill  is  needed  to  produce  results  when  the  first  two  years 
contain  little  formal  arithmetic.  The  children  come  to  third  grade 
without  automatic  command  of  number  combinations,  but  with  a store 
of  mathematical  understandings,  ability  to  solve  genuine  problems, 
to  guess  at  and  approximate  answers,  and  with  a feeling  for  the  value 
of  arithmetic  in  their  lives. 

Because  some  of  our  schools  in  Pennsylvania  agree  with  this  point 
of  view,  examples  of  incidental  number  opportunities  peculiar  to  school 
life  in  the  kindergarten  and  first  and  second  grades  are  given  in  Section 
II  of  this  bulletin.  This  list  is  not  complete,  but  it  is  hoped  that  it 
will  help  the  teacher  to  detect  what  quantitative  aspects  of  the  child’s 
everyday  experiences  do  exist  not  only  on  the  5 to  8 age  level  but  be- 
yond that  as  well. 

In  the  full  development  of  most  classroom  activities  which  form  an 
integral  part  of  larger  areas  of  experience,  arithmetic  will  be  necessary 
many  times.  In  Section  II  this  point  is  illustrated  with  reference  to 
kindergarten  and  elementary  grades  by  a few  examples  found  in  some 
of  our  Pennsylvania  schools. 


M.  HOW  TO  ALLEVIATE  THE  COMMON  DIFFICULTIES 
OF  PROBLEM  SOLVING 

Problem  solving,  which  involves  the  use  of  number  in  life  situations, 
is  an  important  reason  for  arithmetic  teaching  from  the  kindergarten 
to  the  secondary  school.  However,  it  is  often  relegated  to  a subordi- 
nate position  or  eliminated  altogether.  Research  discoveries  invari- 
ably point  to  a higher  level  of  arithmetic  accomplishment  in  computa- 
tion than  in  problem  solving.  They  also  show  that  much  more  time  is 
being  spent  on  computation  than  on  working  problems.  It  seems  that 
most  educators  have  the  notion  firmly  fixed  that  skill  in  computation 
comes  first;  that  only  when  a high  degree  of  skill  is  gained  therein, 
should  any  time  be  spent  on  problem  solving.  The  result  is  that  many 
children  have  little  or  no  ability  to  solve  simple  problems.  We  often 
find  that,  with  computation  habits  so  well  fixed,  children  proceed  to 
compute  the  numbers  in  the  problem  without  considering  first  the 
appropriate  process  to  be  used.  Then,  too,  we  are  astonished  to  find, 
under  the  stress  of  thinking  about  the  problem,  that  the  well-formed 
computation  habits  fail  to  function.  Success  in  computing  problems 
involves  more  than  knowledge  of  how  to  add,  subtract,  multiply,  and 
divide.  It  requires  thinking  about  how  to  use  these  processes  under 
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certain  conditions.  Lack  of  practice  in  applying  number  computation 
in  problem  settings  is  a common  cause  for  failure  when  problems 
are  met. 

Various  educational  references  list  these  common  causes  of  problem 
solving  difficulties: 

1.  The  setting  of  the  problem  is  unfamiliar  because  the  learner 

lacks  the  experience  necessary  to  understand  it. 

2.  The  learner  cannot  visualize  the  conditions  of  the  problem. 

3.  The  learner  is  not  interested;  purpose  is  lacking. 

4.  The  learner  lacks  a background  of  information  and  vocabulary. 

5.  The  learner  is  too  immature  for  the  requisite  thinking. 

6.  Reading  ability  is  inadequate. 

7.  Ability  to  express  ideas  is  inadequate. 

8.  There  have  been  years  of  mechanical  problem  solving  by  trial 

and  error. 

In  this  bulletin  we  cannot  prescribe  for  specific  cases  of  difficulty. 
However,  we  can  make  a number  of  recommendations  from  which  the 
teacher  may  do  the  choosing. 

1.  Relative  to  experience  problems 

a.  Choose  many  problems  apart  from  the  book;  as  many  as 
possible  should  arise  out  of  real  situations.  Most  of  the 
difficulties,  listed  above,  never  would  arise  in  connection  with 
real  problems.  The  more  we  utilize  real  problems  for  edu- 
cational purposes,  the  less  we  will  need  to  rely  upon  problems 
“made  up.” 

b.  Provide  a wider  background  of  reading  and  talking  about 
numbers.  Do  this  as  a part  of  everyday  activity  and  in  a 
variety  of  circumstances.  Take  advantage  of  the  arithmetic 
solving  situations  in  the  school. 

2.  Relative  to  book  problems 

a.  Choose  problems  the  answers  of  which  are  worth  getting. 

b.  Choose  problems  closely  related  to  the  children’s  interests 
and  experiences. 

c.  Select  problems  which  provide  opportunities  to  put  to  use 
the  fundamental  skills  which  the  pupils  are  trying  to  acquire. 

d.  Provide  a sufficient  quantity  of  simple  enough  problems, 
suitable  to  the  mental  maturity  of  the  child  and  free  from 
confusing  and  unfamiliar  terms. 

e.  Begin  with  one-step  problems.  Begin  by  having  the  children 
think  through  the  problem  aloud.  (Experience  shows  that 
diagraming  the  problem  may  be  more  complicated  than  the 
original  problem.  Rules  help  little  more  than  diagraming.) 

f.  Encourage  children  to  take  their  time  to  think: 

(1)  What  must  I find? 
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(2)  What  in  the  problem  helps  me  to  determine  what  I 
want  to  find? 

(3)  Are  there  some  words,  facts,  perhaps  numbers  in  the 
problem,  that  I do  not  need  in  solving  it? 

(4)  What  must  I do  with  the  numbers  to  get  the  answer? 

(5)  What  is  the  approximate  answer? 

g.  Give  more  problems  to  find  approximate  answers. 

h.  Improve  arithmetic  vocabulary  and  language  expression 
through  increased  oral  expression  about  real  arithmetic  ex- 
periences. 

i.  Provide  exercises  for  checking  true  and  false  statements 
about  problems. 

j.  Illustrate  problems  graphically;  in  other  ways. 

k.  Have  children  dramatize  problems  to  clarify  the  situation. 

l.  The  solution  of  the  problem  should  be  real.  For  instance, 
we  cannot  justify  counting  every  tree  in  the  orchard,  when 
the  answer  can  be  found  by  multiplying  the  number  of  trees 
per  row  by  the  number  of  rows. 


N.  WHAT  AN  ADEQUATE  TESTING  PROGRAM  INCLUDES 

When  teachers  ask  themselves  this  question,  they  first  of  all  need 
to  examine  their  whole  school  program  to  see  how  arithmetic  fits  into  it. 

1.  General  survey  testing. 

When  the  program  calls  for  certain  development  of  skills  and  abili- 
ties in  arithmetic,  it  is  consistent  that  teachers  and  supervisors  measure 
these  skills  and  abilities,  at  least  at  the  beginning  of  the  year,  and 
compare  them  with  the  attainments  of  other  school  children  in  general 
even  though  the  norms  may  not  be  accepted  as  the  standard  of  achieve- 
ment for  individual  children.  This  calls  for  the  use  of  general  survey 
tests  which  usually  contain  examples  in  a number  of  processes  and  are 
used  to  secure  a general  measure  of  the  level  of  achievement  of  a class 
or  school.  Often  the  arithmetic  tests  are  a part  of  a battery  composed 
of  many  other  tests.  In  that  case  arithmetic  achievement  can  be  com- 
pared with  other  achievements.  Teachers  may  not  care  to  have  their 
children  live  up  to  the  norms  found  in  the  tests;  they  may  reason  that 
the  norms  have  been  obtained  by  testing  in  schools  where  too  much  or 
too  little  time  is  being  spent  upon  the  acquisition  of  skills  and  abilities 
measured  in  the  tests.  Nevertheless,  they  may  use  the  tests  as  the 
most  scientific  means  available  for  finding  where  each  child  stands, 
among  thousands  of  cases,  in  the  abilities  and  skills  so  measured.  One 
would  hardly  prefer  tests  which  are  not  standardized  for  general  survey 
purposes;  certainly  it  would  be  difficult  to  evaluate  the  scores  so  ob- 
tained. 
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2.  Diagnostic  or  pre-instructional  testing. 

As  the  name  denotes,  diagnostic  testing  is  done  for  the  purpose  of 
furnishing  data  so  that  the  teacher  can  find  the  learner’s  strengths  and 
weaknesses.  It  assists  in  finding  specific  abilities  and  inabilities  exist- 
ing in  the  solution  of  a particular  problem.  When  testing  is  utilized 
in  that  way,  it  truly  becomes  a part  of  the  teaching  and  learning 
process.  Testing  should  precede  practice  or  drill  as  a basis  for  finding 
what  abilities  need  to  be  developed.  It  is  a waste  of  time  for  the  pupil 
to  be  practicing  something  he  knows.  It  is  harmful  to  expect  him  to 
do  problems  necessitating  fundamental  abilities  which  he  does  not 
possess.  Discovering  the  specific  type  of  inabilities  helps  in  determin- 
ing the  specific  nature  of  the  practice  which  is  to  follow.  Diagnostic 
testing  should  also  immediately  follow  the  practice  and  it  should  be 
done  from  time  to  time  thereafter  to  see  what  the  practice  has  accom- 
plished, how  well  the  learning  is  retained,  and  to  determine  what  the 
next  teaching  steps  should  be. 

At  the  beginning  of  the  year,  each  teacher  should  familiarize  herself 
with  the  detailed  computational  skills  listed  for  previous  grades  so 
that  she  may  be  prepared  to  organize  diagnostic  and  teaching  pro- 
cedures for  pupils  who  are  in  need  of  instruction  on  these  topics.  She 
should  begin  the  work  of  the  term  with  diagnostic  tests  to  discover  the 
achievement  status  of  each  pupil  and  to  determine  his  readiness  to 
go  on  with  the  new  work  outlined  for  the  grade.  Such  tests  can  some- 
times be  purchased  from  publication  houses  and  in  standardized  form; 
sometimes  they  can  be  found  in  textbooks.  If  they  cannot  be  pur- 
chased or  found,  the  teacher  herself  can  construct  them  with  the  limita- 
tion that  they  are  not  standardized.  The  outlined  materials  for  grades 
two  to  six  include  many  pre-instructional  and  diagnostic  tests  which 
may  precede  practice  and  advanced  work. 

3.  Progress  tests. 

These  are  closely  akin  to  the  diagnostic  tests;  the  more  diagnostic 
and  detailed  they  are,  the  more  accurately  will  they  help  in  defining 
the  kind  of  progress.  The  main  difference  lies  in  the  way  they  are 
used.  While  diagnostic  tests  aim  chiefly  to  determine  the  next  teaching 
and  learning  procedures  and  to  evaluate  what  has  been  accomplished, 
progress  tests  are  used  for  helping  the  child  particularly  to  see  the 
continuity  of  his  growth.  One  of  our  fundamental  urges  is  the  urge 
to  progress.  Children  can  more  easily  see  progress  made  in  computa- 
tional abilities  than  in  many  other  types  of  work.  It  seems  desirable 
and  prudent  then  to  utilize  this  opportunity  to  help  the  child  satisfy 
a natural  desire.  Tests  for  this  purpose  are  sometimes  systematically 
and  scientifically  constructed  so  that  grade  norms  and  time  limits  are 
given  and  so  that  the  increased  difficulty  of  the  tests  from  one  to 
another  is  gradual.  Progress  tests  are  found  in  the  main  body  of  this 
bulletin;  also  they  can  be  found  in  most  of  our  good  modern  textbooks. 
Having  the  child  keep  a cumulative  record  or  a graph  showing  his 
progress  throughout  the  year  usually  appeals  to  him  and  helps  him  to 
take  an  objective  attitude  toward  his  accomplishments.  Suggestions 
for  such  recording  and  graphing  are  given  in  many  textbooks. 
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4.  The  application  of  mathematical  concepts  to  everyday  living. 

Many  illustrations  of  this  kind  of  testing  can  be  found  in  Section  II 
of  this  bulletin,  although  they  may  not  be  recognized  as  testing  ma- 
terials. For  some  schools  it  represents  the  best  type  of  testing  because 
it  more  nearly  tests  what  they  are  trying  to  accomplish. 

These  schools  have  as  their  major  aim  the  improvement  of  social 
conditions  and  of  personality;  they  believe  that  arithmetic  learnings 
should  contribute  to  such  improvement.  Therefore,  they  are  no  longer 
satisfied  merely  with  the  child’s  ability  to  answer  questions  and  to  do 
arithmetical  processes  in  isolation. 

a.  They  are  concerned  with  a greater  depth  and  breadth  of 
interpretation  so  that  the  learner  may  sense  the  values  and 
relationships  of  the  arithmetic  facts  and  processes  and  under- 
stand their  significance  and  implications.  The  need  for  such 
interpretation  is  urgent  among  children  today  as  they  study 
persistent  social  problems.  A keener  understanding  of  social 
life  is  the  goal.  In  discussion  periods,  in  the  formulation  of 
summaries  and  conclusions,  and  in  other  situations,  these 
schools  have  an  opportunity  to  evaluate  such  interpretative 
abilities  among  children. 

b.  Mere  interpretation  is  not  enough.  The  pupil  learns  also  to 
apply  successfully  these  ideas  and  understandings  to  prac- 
tical problems  of  living.  The  results  so  obtained  represent 
the  real  tests  of  arithmetical  learning.  This,  at  its  highest 
level,  may  lead  to  discovery' and  invention  and  an  improved 
society. 

c.  Arithmetic  serves  its  largest  function  for  the  child  when  it 
brings  about  desirable  changes  in  him.  Such  changes  in  the 
modification  of  his  personality  as  new  interests,  new  ideals, 
and  attitudes  toward  persons  and  things  and  improved 
methods  of  thinking  and  speaking — all  of  which  affect  his 
activities  and  his  life — are  to  be  expected.  As  a result  we 
shall  get  a new  type  of  individual — our  broadest  contribution 
from  the  teaching  of  arithmetic. 


O.  WHETHER  THE  MAKING  AND  READING  OF  GRAPHS 
SHOULD  BE  INCLUDED 

There  exists  a hesitancy  about  including  the  making  and  reading  of 
graphs  in  the  elementary  school.  Few  of  our  books  on  teaching  arith- 
metic at  this  age  level  even  mention  it.  Some  of  our  recent  textbooks 
include  it  only  in  the  sixth  grade.  We  ask  why  this  is  true. 

Those  who  consider  the  learning  elements  of  arithmetic  as  so  many 
specifics  which  must  be  mastered  without  any  relationship  to  one 
another  certainly  see  no  value  to  graphs  in  the  elementary  school. 
Those  who  believe  that  a child  of  elementary  school  age  has  little  or 
no  ability  to  classify,  organize,  arrange,  and  systematize  lack  faith  in 
his  ability  to  read  and  to  make  graphs.  Those  who  have  not  guided 
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elementary  school  children  in  situations  which  call  for  the  use  of 
graphs  to  clarify  ideas  hesitate  to  include  it  as  a natural  part  of  the 
curriculum.  These  seem  to  be  the  reasons  why  graphing  is  often 
omitted. 

There  are,  however,  those  who  hold  the  opposite  points  of  view  and 
the  making  and  reading  of  graphs  seem  to  be  increasingly  popular  in 
our  elementary  schools.  Among  the  most  generally  used  graphs  are 
the  line  graphs,  bar  graphs,  and  pie  graphs.  Whenever  situations  arise 
for  the  use  of  these  graphs  to  represent  number  relationships  in  clearer 
form,  the  teacher  should  encourage  their  use.  She  may  be  surprised 
to  find,  even  in  the  primary  grades,  that  at  least  part  of  her  children 
can  understand  and  can  even  make  them.  Certainly  foundations  were 
being  built  in  one  kindergarten  when  the  table  which  was  twice  as  long 
was  placed  alongside  the  smaller  one;  when  two  -boys  stood  beside  each 
other  to  prove  that  they  were  of  an  exact  height.  The  children  in  a 
third  grade  showed  the  rise  and  fall  in  temperature  on  a weather  record 
by  means  of  a line  graph;  bar  graphs  were  used  by  individual  children 
to  show  comparative  achievement  in  spelling  from  week  to  week.  In 
a fifth  grade  the  pupils  made  a pie  graph  to  show  what  part  of  the 
world’s  cotton  is  produced  in  each  of  the  separate  countries.  And  so, 
on  and  on,  we  could  give  numerous  examples. 

We  advise  that  the  teacher  study  the  various  kinds  of  graphing  for 
the  purpose  of  understanding  their  possibilities  to  show  number  rela- 
tionships. Then  when  an  opportunity  appears  to  use  them  advantage- 
ously she  will  be  more  likely  to  see  and  to  take  advantage  of  it.  By 
examining  suggestions  for  the  use  of  graphs  in  a number  of  our 
modern  textbooks,  she  may  be  helped  to  see  further  possibilities. 


P.  WHEN  SPEED  SHOULD  BE  EMPHASIZED 

The  answer  to  this  question  is  that  speed  should  be  encouraged  when 
the  child  is  ready  for  it.  This  is  when  accuracy  has  been  mastered, 
when  the  learner  understands  the  arithmetic  process  and  does  it  with 
ease,  and  when  the  introduction  of  speed  does  not  cause  undue  tension. 
Speed  should  be  increased  gradually  and  in  accordance  with  each 
child’s  capacity  for  it. 

Over-stimulation  caused  by  over-emphasis  upon  speed  cannot  result 
in  satisfaction  for  the  child.  It  is  often  harmful.  It  results  in  a lack 
of  control  and  clear  thinking  shown  by  a decrease  in  accuracy.  It 
sometimes  causes  children  to  become  overly  excited  as  is  evidenced  by 
clinching  fists,  biting  finger  nails,  biting  lips,  and  the  like.  Complete 
exhaustion,  loss  of  sleep,  tenseness,  fears,  and  dislike  for  the  work 
often  result. 

The  place  where  speed  is  needed  mostly  is  in  relation  to  making  the 
fundamental  facts  of  addition,  subtraction,  multiplication,  and  division 
automatic.  However,  very  little  emphasis  upon  speed  is  advocated  for 
children  in  the  primary  grades;  it  should  be  encouraged  with  discre- 
tion in  thfe  intermediate  grades.  Accuracy,  clear  thinking,  and  a poised 
personality  are  more  important. 
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II.  OPPORTUNISTIC  DEVELOPMENT  OF  ARITHMETIC 
ABILITIES  AND  MEANINGS 


A.  INCIDENTAL  NUMBER  OPPORTUNITIES  FOR  KINDER- 
GARTEN AND  FIRST  AND  SECOND  GRADES 

1.  Partial  list  of  centers  of  interest  involving  number 

a.  Home  unit:  doll  and  play  house 

b.  Farm  unit 

c.  Garden  unit 

d.  Pets 

e.  Greenhouse 

f.  Grocery  unit 

g.  Time:  the  calendar  and  the  clock 

h.  The  post  office 

i.  Transportation 

j.  Banking 

k.  Puppet  show 

l.  Movies 

m.  Dramatizations 

n.  Booklets 

o.  Class  news 

p.  Parties:  Hallow-een,  Thanksgiving,  Christmas,  Valentine, 
Easter,  Birthdays 

q.  Lunch  preparations 

r.  Bulletin  board:  planning  size,  number,  and  arrangement  of 
material 

s.  Personal  information:  age,  telephone,  address,  size  of  family 

t.  Keeping  well 

u.  Safety 

v.  Stories,  poems,  songs 

2.  Counting 

a.  Number  of  children  present  (number  of  boys  and  number 
of  girls) 

b.  Quantity  of  material  needed  for  each  row,  for  a group,  for 
the  class 

c.  Number  of  phrase  cards  known  by  child 

d.  Number  of  crayons  in  box  to  make  sure  none  is  lost 

e.  Number  of  days  before  a child’s  birthday  or  a holiday  vaca- 
tion 

f.  Number  of  characters  needed  in  a play 

g.  Number  of  boys  and  girls  to  see  if  they  all  have  partners 

h.  For  games  (i.e.,  Ten  Little  Indians,  etc.) 

i.  To  find  the  scores  for  games  (bean  bag,  etc.) 

j.  The  number  of  bean  bags  after  recess  to  see  that  none  is 
missing 
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k.  Number  of  rooms  needed  for  a house 

l.  Number  of  animals  or  people  in  pictures  to  compare  with 
reading  material  about  the  picture 

m.  Number  of  chairs  needed  for  group  work 

n.  To  enumerate  parts  of  body  (fingers,  toes,  eyes,  ears,  etc.) 

o.  To  see  how  many  children  want  milk;  bottles  of  milk  to 
to  see  if  correct  number  is  received 

p.  Number  of  symbols  on  calendar  to  see  how  many  fair  days, 
how  many  rainy  days,  etc. 

q.  To  determine  number  of  his  seat  in  a row  (first,  second, 
third,  etc.) 

r.  Number  of  members  in  his  family 

s.  Number  of  steps  in  a dance 

t.  Number  of  pages  read;  number  to  read 

3.  Reading  numbers 

a.  To  find  the  page  in  a book 

b.  To  learn  the  house  numbers 

c.  To  learn  the  date,  and  the  dates  of  birthdays,  holidays,  and 
school  events 

d.  Which  describe  the  milk  records 

e.  In  directions  for  construction  work 

f.  To  understand  directions  for  an  action  play,  as — clap  two 
times — jump  three  times 

g.  And  number  words  in  books  to  understand  them 

h.  To  associate  the  numeral  and  the  written  word,  as — 1 — one; 
2 — two 

i.  To  find  pages  in  the  table  of  contents 

j.  Under  hooks  in  cloak  room 

k.  On  the  clock 

4.  Writing  numbers 

a.  To  show  scores  in  a game 

b.  To  show  number  of  boys  present 

c.  To  show  number  of  girls  present 

d.  To  represent  number  of  children  present 

e.  To  represent  a child’s  age  on  birthday 

f.  To  designate  the  date  on  the  calendar 

g.  To  tell  the  page  of  a book 

h.  To  show  house  numbers,  automobile  numbers,  and  telephone 
numbers 

i.  To  specify  amount  of  milk  money  collected 

j.  To  represent  times  others  are  to  jump,  clap,  stamp,  etc. 

First  grade  children  need  much  supervision  in  such  writing.  Prac- 
tice in  writing  while  the  teacher  moves  from  child  to  child  to  see  that 
the  process  as  well  as  the  result  is  satisfactory,  should  precede  the 
making  of  price  tags,  toy  money,  or  the  making  of  a calendar.  The 
keeping  of  scores  and  the  writing  of  the  house,  telephone,  or  automo- 
bile number  can  be  of  real  interest  to  the  child  and  an  opportunity 
for  practice  in  number  making. 
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5.  Uses  of  number  in  measurement 

a.  To  determine  size,  distance,  etc. 

b.  To  find  required  length  of  legs  of  tables  and  chairs 

c.  To  find  width  of  shelves  for  bookcase 

d.  To  find  height  of  bookcase 

e.  To  find  space  needed  between  shelves  of  bookcase 

f.  To  compare  height  of  table  with  height  of  bookcase 

g.  To  find  dimensions  of  boards  for  barn  and  roof 

h.  Of  windows  and  doors  of  house 

L Of  cloth  for  curtains  and  cushions 

j.  To  determine  size  of  mattress  for  doll’s  bed 

k.  To  find  size  of  dolls  for  length  and  width  of  beds 

l.  Of  walls  for  wallpaper  needed 

m.  Of  panes  for  windows  of  a house 

n.  Of  blinds  for  windows  of  a house 

o.  To  determine  length  of  sign  for  farm 

p.  To  find  size  of  clothes  for  dolls 

q.  Of  distance  or  space  needed  in  games 

r.  Of  quart,  pint,  and  half-pint 

s.  To  determine  own  weight 

t.  To  find  number  of  glasses  of  milk  and  water  one  drinks  per 
day 

u.  To  find  own  height 

v.  To  record  temperatures 

w.  To  find  quantities  called  for  in  recipes 

6.  Money 

a.  Count  milk  money 

b.  Count  Red  Cross  money 

c.  Count  proceeds  from  a school  sale 

d.  Count  proceeds  from  a school  entertainment 

e.  Recognize  cent,  nickel,  dime,  quarter,  when  used  in  the  above 

f.  Know  number  of  cents  in  nickel,  nickels  in  dime,  etc.,  for 
making  change  in  school  sale 

g.  Have  rough  knowledge  of  what  different  coins  will  buy 

h.  Give  simple,  concrete  problems  in  preparation  for  sale 

i.  Buy  school  and  personal  supplies  from  store 

j.  Buy  food  for  pets 

k.  Order  supplies  from  catalogs 

l.  Mail  letters  and  packages 

7.  Combining  and  taking  away 

a.  Arranging  chairs:  putting  3 more  to  group  of  3 chairs  to 
make  6 chairs;  taking  2 chairs  away  from  group  of  10  to 
leave  8 chairs,  the  number  needed  for  the  group 

8.  Doubling  or  tripling  numbers  and  amounts 

a.  Recipes  for  cookies,  candy,  etc. 

b.  Yards  of  material  for  costumes 

c.  Number  of  children  who  can  be  in  a dance  because  the  space 
for  dancing  has  been  enlarged  by  that  much 
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9.  Apportioning  and  dividing  materials 

a.  Divide  fruit  in  a bag  equally  or  otherwise  among  children  in 
a group 

b.  Pass  papers,  pencils,  crayons,  or  other  supplies  so  each  child 
will  have  one  or  more 

c.  Apportion  food  and  other  supplies  needed  during  lunch  or 
at  a party  so  each  person  will  receive  the  same  amount 

d.  Divide  the  cost  of  something  when  two  or  more  are  to  pay 
for  it 

e.  Divide  an  apple,  orange,  etc.,  between  two  or  more  people 

f.  Divide  a piece  of  cloth  so  several  costumes  can  be  made 

g.  Find  how  long  each  child  can  play  on  the  tricycle  when  each 
wants  it  during  an  hour  period 

h.  Find  how  much  to  buy  or  make  to  serve  a group 

10.  Seeing  relationships  and  proportions 

a.  Compare  distances  from  homes  to  school 

b.  Compare  sizes 

c.  Compare  rates  of  travel  on  land,  sea,  and  air 

d.  Compare  temperatures  in  September  and  February 

e.  Make  simple  graphs  to  show  progress  or  differences 

11.  Estimating  size,  distance,  amount,  number  and  time 

a.  Number  of  people  who  attended  the  program 

b.  Rate  of  speed:  walking,  riding 

c.  Weight  of  child,  clothing,  elephant,  etc. 

d.  How  long  it  takes  to  prepare  for  lunch;  walk  to  school,  etc. 

12.  Suggestions  for  individual  work  involving  reading 

a.  Cut  stories  from  old  primers  or  create  stories  for  children 
to  illustrate.  Stories  similar  to  the  following  may  be  found: 

i.  Father  has  two  apple  trees 

The  two  apple  trees  have  big,  red  apples 

ii.  Bob  and  Mary  saw  a nest 
Five  blue  eggs  were  in  the  nest 

iii.  Goldilocks  saw  a table 

On  the  table  she  saw  three  bowls 
One  bowl  was  big 
One  bowl  was  not  so  big 
One  bowl  was  little 

b.  Number  book  or  dictionary.  Cut  from  old  calendars  large 
numbers.  Mount  on  papers  and  illustrate  with  proper  num- 
ber of  pictures  of  objects,  cut  or  drawn  free  hand.  Continue 
through  ten.  Combine  and  make  cover. 

c.  Use  of  gross  differentiation  and  proportion.  Printed  or  writ- 
ten on  blackboard  or  on  individual  cards 

Make  a big  girl  and  a little  girl 
Make  a tall  boy  and  a short  boy 
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Make  a large  house  and  a small  house 
Make  a large  house  near  and  a small  house  far  away 
Make  a long  fence  around  the  large  house 
Make  a big  cat  and  a little  kitten  in  the  yard 

d.  Matching  phrases  with  pictures.  (Read  phrases  and  place 
under  corresponding  pictures.) 

One  tree 
Six  chickens 
Three  bears 
Ten  flowers 

e.  Directions  for  drawing  pictures  in  which  number  knowledge 
is  necessary 

Draw  two  big  trees 
Draw  eight  birds  flying 
Draw  three  birds  on  the  tree 
Draw  one  bird  eating  a worm 

f.  Children  match  cards  according  to  numbers  found 

Printed  numerals  on  cards 
Written  numerals  on  cards 
Objects  on  cards 

g.  Make  this  picture 

It  is  Monday 

The  clothes  are  on  the  line 
There  are  two  dresses 
There  are  six  stockings 
There  is  one  sheet 
There  is  one  tablecloth,  etc. 

h.  Draw  correct  number  of  pictures 

4 flowers  and  4 flowers 
6 goldfish  and  2 goldfish 
3 tables  and  3 tables 

i.  Used  in  connection  with  florist  shop  unit 

Draw  boxes  and  fill  with  designated  number  of  flowers 
a dozen  tulips 
2 dozen  ferns 
6 jonquils  and  6 roses,  etc. 

j.  Further  suggestions  can  be  found  in  workbooks 
13.  Games 

Basket  Ball  An  empty  basket  is  placed  about  eight  feet  from 
a line  on  the  floor  where  the  child  stands.  The  child  has  ten 
balls  which  he  tries  to  throw  into  the  basket.  When  the  ten  balls 
are  thrown,  he  tells  how  many  balls  went  into  the  basket  and  how 
many  balls  are  on  the  floor.  He  then  writes  his  successes  and 
failures  on  a specially  prepared  score  board. 
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Nine  Pins  Pins  are  placed  in  a V shape.  The  child  stands 
about  eight  feet  away,  rolls  and  knocks  down  as  many  pins  as 
possible  in  one  turn.  He  then  counts  and  records  his  successes 
and  failures  on  the  score  board.  (Pasteboard  pins  and  rubber 
balls  are  used.) 

I Am  Thinking  of  a Number  that  comes  after  5;  that  comes 
before  4;  that  is  between  2 and  4;  etc. 


B.  ACTUAL  EXAMPLES  SHOWING  HOW  ARITHMETIC 
GREW  OUT  OF  OR  FED  INTO  LARGER  ACTIVITIES 

In  the  classrooms  of  the  Pennsylvania  schools  here  represented,  edu- 
cation starts  with  an  interest  which  absorbs  the  children  and  expands 
and  deepens  that  interest  into  a series  of  related  and  worthwhile  ex- 
periences. None  of  the  larger  activities  here  mentioned  were  chosen 
solely  because  they  offered  unusual  opportunities  for  arithmetic;  nor 
was  there  forcing  of  artificial  experiences  in  order  to  make  opportuni- 
ties for  arithmetic.  Whenever  the  situation  functionally  called  for 
arithmetic  solution,  it  naturally  came  into  the  activity.  One  or  more 
examples,  as  described  by  the  teachers  in  charge,  are  here  given  for 
each  yearly  level  from  kindergarten  to  grade  VI  inclusive: 

1.  Kindergarten 

a.  Millersville,  State  Teachers  College,  Laboratory  School,  Miss 
S.  June  Smith,  Teacher 

(1)  Time  unit 

"With  the  New  Year  a study  of  ‘Time’  developed 
in  the  kindergarten.  The  content  of  the  unit  of  itself 
gave  quite  an  adequate  concept  of  number  even  though 
particular  attention  was  given  to  the  number  element 
elsewhere.  In  order  to  make  clocks  for  a clock  shop  built 
in  the  room  it  was  necessary  to  count  from  one  to  twelve 
concretely.  In  addition,  the  children  needed  to  recog- 
nize numbers  at  random  to  play  a clock  game  that  was 
devised  by  drawing  a large  clock  on  the  floor  with 
chalk.  Many  wanted  to  draw  clocks  at  the  blackboard 
during  free  activity  periods  and  asked  many  questions 
about  how  to  make  numbers  for  the  faces  of  their  clocks. 
Each  number  was  carefully  introduced  for  it  was  found 
that,  if  the  formation  of  the  number  was  not  taught 
accurately  in  kindergarten,  the  children  frequently  de- 
vised their  own  peculiar  methods  of  making  numbers 
or  were  taught  inaccurately  by  other  children. 

“The  reading  of  the  calendar  gave  additional  practice 
and  experience  in  recognition  of  numbers  as  far  as  in- 
dividual abilities  would  permit.  The  children  played 
a “Living  Calendar”  game — they  counted  the  number 
of  Sundays  in  the  month  and  placed  themselves  in  a 
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row,  each  person  representing  Mary  on  the  Sunday  she 
wears  a red  hat.  Then  they  determined  the  number  of 
Mondays  and  so  on  until  the  particular  month  was 
formed  by  the  children  themselves.  Similar  dramatiza- 
tions of  months  of  the  year  and  days  of  the  week  were 
played  in  addition  to  the  old  familiar  games  such  as 
Mulberry  Bush.  A wide  concept  of  time  in  its  varying 
phases  led  these  children  into  many  activities.” 


(2)  Unit  on  workers 

“During  a discussion  of  workers,  or  people  in  our  town 
who  do  things  for  us,  the  children  were  encouraged  to 
bring  articles  to  kindergarten  that  typified  the  com- 
munity workers  about  whom  they  were  learning.  Thus, 
after  a discussion  of  the  milkman  a quart  bottle,  pint 
bottle,  and  half-pint  bottle  came  to  school.  The  chil- 
dren decided  we  needed  a place  to  put  the  things  they 
brought  so  a ‘Workers’  Corner’  developed.  When 
talking  about  the  baker,  a dozen  rolls  and  a loaf  of 
bread  were  added  to  the  display.  A visit  to  the  meat 
shop  produced  a set  of  scales  for  weighing  pounds  and 
and  ounces.  After  visiting  the  post  office  many  kinds 
of  stamps  were  added  to  the  collection.  The  most  used 
stamps  and  the  prices  of  them  were  soon  recognized  by 
all  children.  As  experiences  grew,  so  grew  the  contribu- 
tions of  the  children. 

“At  the  completion  of  the  unit,  breadth  of  number 
meanings  had  been  built  up  in  actual  associations  with 
materials  themselves.  Quarts,  pints,  and  cups  now  had 
meaning  gained  from  pouring  water  from  one  container 
to  another  to  find  how  much  each  would  hold.  Pounds 
and  ounces  were  discovered  by  weighing  sand  in  paper 
bags  from  their  own  sand  table.  Play  with  actual 
money  for  the  grocery-man  and  newsboy,  writing  and 
stamping  letters  with  stamps  they  bought  at  the  post- 
office  were  a few  more  of  the  concept-building  activities 
involved  in  this  unit.” 
b.  Pittsburgh,  Public  Schools 

(1)  Halls  Grove  School,  Miss  Elsie  Metz,  Teacher 
A Grocery  Store 

“We  had  milk  for  sale  in  the  school,  and  instead  of 
serving  it  at  lunch  time  from  our  kitchen,  it  was  put  in 
the  grocery  store  and  ‘sold.’  On  the  teacher’s  desk  were 
provided  pennies,  dimes,  and  nickels.  The  children 
knew  that  four  pennies  bought  a bottle  of  milk.  If  a 
nickel  were  given,  the  storekeeper  gave  back  a penny; 
and  if  a dime  were  given,  then  both  a penny  and  a 
nickel  were  returned  to  the  teacher’s  desk,” 
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Our  Postoffice 

“We  had  an  exhibit  of  stamps  and  the  children  knew 
that  the  stamps  cost  one,  two,  three,  five,  eight,  and  ten 
cents,  respectively.  They  knew  postal  cards  cost  one 
cent;  that  when  we  sent  a letter  to  Mr.  Armstrong,  it 
cost  three  cents;  and  that  when  Richard  Kaiser  sent  us 
a card  from  Florida,  it  cost  one  cent.  They  knew  a 
letter  that  did  not  go  outside  of  Pittsburgh  cost  two 
cents;  that  when  Miss  Notz  mailed  us  a book,  it  cost 
five  cents;  that  when  our  boat  book  came,  it  had  cost 
eight  cents;  and  the  special  delivery  stamp  had  cost  ten 
cents.  Pennies  piled  in  one’s,  two’s,  three’s,  five’s,  eight’s, 
ten’s  were  used  in  illustration,  with  dimes,  nickels,  and 
combinations  of  these.” 

(2)  Rogers  School,  Miss  A.  Irene  Snyder,  Teacher 
Opportunities  for  counting  afforded  by  a house  unit: 

“We  count  the  flowers  necessary  for  one  strip  of  wall- 
paper. As  a strip  is  finished  we  count  the  number  of 
strips  made. 

“We  count  the  number  of  large  units  necessary  for  the 
border  as  well  as  the  number  of  small  units. 

“The  brick  terrace  is  laid  in  units  of  two.  We  count 
the  number  of  2’s  in  one  row. 

“The  tile  on  the  mantel  is  laid  in  rows  of  two.  We 
count  them  by  2’s. 

“The  tile  in  the  hearth  is  laid  so  that  it  is  counted 
by  2’s. 

“The  rug  is  painted  in  squares.  Alternate  squares  are 
decorated.  We  count  the  decorated  and  plain  squares. 

“The  shingles  are  tacked  to  strips  of  wood  then  laid 
on  the  roof.  We  count  the  number  of  shingles  necessary 
for  a row;  then  when  a row  is  finished  and  put  in  place, 
we  count  the  number  of  rows  finished. 

“In  marking  our  painted  rug  we  use  a rule  to  measure 
and  mark  it  off  in  two  inch  stripes.  We  count  the 
stripes.” 

(3)  Wightman  School,  Miss  Matilda  Hahn,  Teacher 
Picture  making 

“Danny  had  made  a pasting  picture  of  five  children 
on  a hill  flying  kites.  He  had  all  five  holding  their 
strings  but  had  but  one  kite  done.  I had  placed  his  pic- 
ture on  the  platform  for  him  to  finish,  and  as  I was 
giving  out  the  unfinished  work  I said,  ‘Danny,  you  may 
finish  your  kites.’  He  went  for  his  paper  and  then  re- 
marked, ‘I’ll  have  to  count  how  many  more  kites  I have 
to  make.’  When  he  had  finished  them  he  said,  ‘Here 
are  my  four  kites  and  now  I have  five  kites  done.’  ” 
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c.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  Mabel  Ann  Talbot,  Teacher 
(1)  Lunch  preparations 

“In  the  kindergarten  a lunch  is  served  each  morning 
which  includes  a bottle  of  milk.  Each  child  brings  20^ 
a week  to  cover  the  cost  of  the  lunch.  This  experience 
naturally  offers  opportunities  for  the  development  of 
number  ideas. 

Learning  to  count 

Children  who  do  and  who  do  not  take  milk 
Recognizing  and  knowing  the  meaning  of  quart, 
pint,  half-pint 

One  pint  is  a smaller  amount  than  a quart 

One  half-pint  is  a smaller  amount  than  a quart  or  a 
pint 

“Other  learnings  gained  while  buying  their  milk  at  the 
store  which  had  been  built  by  the  children  in  the  kinder- 
garten 

Ability  to  count  out  and  pay  3^ 

Recognizing  value  of  5^  piece 
Knowing  how  many  pennies  in  5^ 

Knowing  that  5 pennies  and  5^  have  equal  value 
Knowing  the  amount  of  change  due  from  5^  piece” 


2.  Grade  I 

a.  Crafton,  Public  Schools,  Miss  A.  Ziel,  Teacher 
(1)  The  playhouse 
Number  activities 

“Construction  of  the  house  afforded  opportunities  for 
folding,  measuring,  cutting,  papering,  and  pasting. 

“Painting  the  wall  paper  furnished  the  opportunity 
for  using  fundamental  combinations,  such  as  two  groups 
of  3 flowers  are  6 flowers  and  3 groups  of  2 flowers  are 
6 flowers. 

“There  were  opportunities  to  count  the  various  items 
used  in  constructing  the  playhouse,  such  as  counting 
the  nails,  strips,  card-board,  etc.,  by  l’s;  by  2’s. 

“Since  the  child’s  experiences  at  home  are  vividly  in- 
teresting to  him,  ‘The  Playhouse’  in  connection  with 
the  family  provided  opportunities  to  talk  about  situa- 
tions that  required  numerical  relations,  such  as,  four 
napkins  for  four  people,  four  chairs,  squares  of  ice 
cream,  etc. 

“The  writing  of  numbers  was  acquired  by  blackboard 
work.  This  was  supervised  so  that  correct  habits  would 
be  observed.  Definite  directions  for  making  each  fig- 
ure were  given.  The  children  learned  to  write  any 
number  to  25.  Games  were  played  using  written  num- 
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bers.  Pictures  of  houses,  chairs,  and  other  furnishings 
were  shown  and  the  children  wrote  the  corresponding 
numbers. 

Oral  terms  used 

Quantity — less,  more,  how  much,  few,  many,  % of  a 
roll 

Position — first 

Money — cent,  dime,  nickel,  cost,  pay  for,  change 
Form — square,  line,  circle  for  the  clock  face 
Size — large,  small 

Reading  vocabulary  from  experience  reading  and 
primers 

Written  names  of  the  numbers,  one  to  ten 
Words — big,  little 

b.  Millersville,  State  Teachers  College,  Laboratory  School, 
Miss  May  Adams,  Teacher 

(1)  The  flower  shop 
The  situation 

“We  had  been  enjoying  our  ‘grocery  store’  for  some 
time.  One  day  a boy  brought  in  a begonia  in  a little 
pot.  The  next  day  a girl  brought  a potted  sultana. 
The  children  were  delighted  with  the  plants.  Some  one 
said,  ‘Let  us  have  a flower  store.’  ” 

Number  Experiences 

Enumerating  the  things  seen  in  a flower  store. 

Example  of  the  children’s  responses:  “I  saw  bas- 

kets, vases,  toy  birds,  and  toy  butterflies — four  things 
put  in  the  window.” 

Noting  the  arrangement  and  low  prices  to  make  peo- 
ple want  to  buy. 

Some  of  the  children’s  remarks  as  they  were  making 
their  store  neat  and  attractive: 

“All  the  things  of  one  color  may  be  put  together.” 
“All  the  colors  that  look  well  together  may  be 
placed  next  to  each  other.  Here  are  three  that  may.” 
“The  two  green  ferns  may  be  placed  in  two  blue 
bowls.” 

“The  three  yellow  flowers  will  be  pretty  in  the 
brown  basket.” 

“The  highest  plants  should  be  placed  in  the  back- 
ground.” 

“The  smallest  ones  grouped  in  fours  at  the  front.” 

Teacher.  Just  what  will  you  say  so  that  someone 
may  want  to  buy  this  box? 

Child.  See  how  pretty  this  is!  It  costs  only  a dime. 
If  you  get  it  in  town  it  would  be  a quarter. 
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Teacher.  I shall  want  to  buy  that  box.  Someone  else 
find  something  for  me. 

Child.  Here  is  a beautiful  butterfly  on  a stick.  It 
looks  as  if  it  could  fly.  It  costs  five  cents.  You  can 
put  it  in  the  flower  box. 

Teacher.  We  have  good  salespeople  here.  Who  will 
sell  me  a basket? 

Child.  The  little  basket  is  ten  cents. 

Making  of  bills 
Bills  as: 

40  violets  5$  basket  60  butterfly 

3 0 vase  30  flowers  3 0 box 

70  for  all  8^  for  all  90  for  all 

These  may  be  placed  on  the  blackboard  as  a child 
buys  the  articles.  The  other  pupils  are  bookkeep- 
ers and  record  them. 

Combinations  needed  for  buying  and  selling 

37523532 
+7  +2  +3  +5  +2  +5  +5  +6 


73446456 
+3  +6  +6  +5  +4  +3  +4  +3 


“The  telephone  conversations  brought  into  use  much 
number  as  they  ordered  many  things  sent  to  certain 
street  and  house  numbers.  The  pupils  learned  their 
addresses,  telephone  numbers,  and  addition  combina- 
tions quickly  by  use  of  this  activity.” 


c.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  Laura  J.  Wilson,  Teacher 

(1)  A party 

“The  children  planned  and  gave  a Christmas  Party 
for  the  second  group.  They  did  their  own  shopping 
in  groups.  This  involved  recognition  and  comparative 
values  of  cent,  nickel,  and  dime;  use  of  terms:  yard, 
pounds,  dozens.  In  buying  napkins,  candles,  and  tree 
ornaments  they  had  to  read  such  signs  as  50,  100,  2 
for  50,  and  3 for  100.  They  ordered  dozens  of  tangerines 
and  pounds  of  cookies.  The  balls  for  the  tree  were 
placed  in  boxes  containing  a dozen  each.  Material  for 
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small  stocking  favors  was  bought  by  the  yard.  Making 
place  cards  and  favors  involved  counting  number  of 
children  and  guests.  It  was  necessary  to  count  chairs 
and  places  at  the  table.” 

d.  York,  Public  Schools,  Aquilla  Howard  School,  Anna  Mead, 
Teacher 

(1)  Cooking  foods 

“This  first  grade  follows  a so-called  'activities  curri- 
culum.’ Much  of  the  ‘seatwork’  seen  in  many  first- 
grade  classrooms  is  omitted  here.  Its  place  is  taken  by 
educative  play.  Actual  cooking  is  a part  of  this  play. 
The  class  has  a small  electric  stove.  Following  is  one 
of  the  recipes  which  the  children  successfully  use. 
(Note  the  arithmetic  included,  as  well  as  reading  and 
other  subjects;  although  none  of  these  subjects,  but 
rather  the  actual,  positive,  social  values  of  the  activity, 
the  fun  and  work  it  affords  the  children,  is  the  reason 
why  it  is  included  in  the  curriculum.) 

Apple  Sauce 
1 apple 

1 teaspoon  sugar 
Hot  water 

Wash  apple 
Peel  apple 
Cut  apple  in  2 parts 
Take  out  core 
Slice  apple 

Put  in  pan;  cover  with  water 
Cook  30  minutes 
Put  in  sugar;  serve 
Eat 


“At  first  the  teacher  helped  the  pupils  to  make  the 
apple  sauce.  Then  their  own  record  of  their  procedures 
made  the  recipe  for  future  use. 

“The  recipe  was  often  doubled  or  trebled,  and  a taste 
or  more  given  to  each  one  of  the  25  pupils  of  the  class. 
Thus  actual  concepts  of  addition,  subtraction,  multipli- 
cation, and  division  were  developed  as  naturally  needed. 

“By  the  second  half  of  the  school  year,  these  same 
pupils  were  successfully  following  this  and  other  similar 
recipes: 
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Carrots 

1 carrot 

Ys  teaspoon  salt 

Y±  cup  boiling  water 

% teaspoon  butter 

Put  water  on  to  boil;  put  in  salt 

Wash  carrot 

Scrape  carrot 

Slice  carrot 

Put  carrot  in  boiling  salt  water 

Cook  40  minutes 

Drain  off  water 

Add  butter 

Eat 

“The  right  cooking  activity  represents  a well  integ- 
rated procedure,  of  which  arithmetic  is  naturally  an 
important  part.  The  preliminary  washing  of  pans  and 
putting  on  aprons,  the  study  of  the  recipes,  the  watch- 
ing of  the  clock  during  the  thirty  or  more  minutes  while 
the  food  is  cooking,  the  polite  serving  and  eating  of  the 
food,  the  washing  and  putting  away  of  the  cooking 
utensils,  all  represent  desirable  social  activities  which 
use  subject  matter  as  means  rather  than  ends.  Arith- 
metic is  one  of  the  subjects  practiced  in  a ‘life  situa- 
tion.’ ” 

3.  Grades  I and  II 

a.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  M.  Grace  Knapp,  Teacher 
(1)  Animal  families 

“The  number  experiences  which  a group  of  primary 
children  gained  in  this  unit  included:  (1)  recognition 

of  numbers,  (2)  ability  to  write  and  read  numbers,  (3) 
ability  to  find  given  numbers,  (4)  counting,  (5)  knowl- 
edge of  larger  and  smaller,  (6)  a few  addition  facts,  and 
(7)  a bit  of  measuring. 

“The  children  used  number  experiences  in  finding 
pages  in  their  books,  in  counting  out  papers,  pencils,  and 
other  materials  for  their  groups,  in  counting  the  number 
of  children  present  in  the  morning,  or  the  number  to  go 
on  our  trips  to  the  farm.  They  counted  the  baby  pigs 
and  the  mother  pig,  the  cows  in  the  fields,  and  the 
horses  which  helped  the  farmer. 

“In  deciding  upon  a title  for  a group  story  they  voted 
for  their  choice  and  saw  that  17  was  more  than  5 and 
so  the  title  for  which  17  children  voted  was  the  one 
chosen. 

“In  constructing  their  movie  considerable  practice 
was  gained  in  the  use  of  a foot-rule  and  a yardstick 
and  in  measuring  by  inches.” 
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4.  Grade  II 

a.  Crafton,  Public  Schools 

(1)  The  postoffice — Miss  Margaret  Newman,  Teacher 
Ways  in  which  arithmetic  was  used: 

Measuring: 

In  building  the  postoffice 
In  making  mail  bags  and  large  box 
In  making  the  rack  to  hold  the  bags 
Numbering  the  boxes 
Weighing  parcel  post  packages 
Buying  and  selling  stamps 
Buying  and  selling  money  orders 
Making  change 

(2)  The  dairy  farm — Miss  Mathilde  Ziel,  Teacher 
United  States  money: 

Recognition  of  the  various  coins  and  their  values: 
nickel,  dime,  quarter 
Examples  of  written  work: 

Two  dollars — $2.00 

Three  dollars  and  fifty  cents — $3.50 

Seventy-five  cents — $.75 

Measuring  the  length  and  width  of  the  paper  and  the 
crates  used  in  making  the  farm:  inch,  foot,  yard 

Liquid  measures:  pint,  quart,  gallon 

Buying  and  selling: 

1 pint  of  milk,  or  2 pints  of  milk 

1 quart  of  milk  or  more.  How  many  pints  make  a 

quart? 

If  one  pint  of  milk  costs  7<f,  what  will  two  pints  cost? 
What  will  a quart  cost? 

Name  some  things  sold  by  the  pound. 

Name  some  things  sold  by  the  pint;  by  the  quart. 

b.  Millersville,  State  Teachers  College,  Laboratory  School,  Miss 

Jane  K.  Rothe,  Teacher 

(1)  Making  tomato  juice 

“There  were  many  ripe  tomatoes  in  our  garden  and 
the  children  decided  they  would  like  to  make  tomato 
juice  to  serve  at  a party  for  their  mothers.  We  have  an 
electric  outlet  in  the  classroom  and  can,  therefore,  cook 
anything  we  wish  on  an  electric  plate.  After  bringing 
in  recipes  and  planning  all  that  we  needed  to  have,  the 
children  brought  utensils  from  home  and  we  began.  We 
gathered  the  tomatoes  from  the  garden;  then  we  peeled 
and  cooked  them.  We  strained  the  juice  and  bottled  it 
in  pint  and  quart  jars.  When  the  program,  which  con- 
sisted of  stories  about  what  they  had  done  and  a moving 
picture  about  making  tomato  juice  was  ready,  the  chil- 
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dren  made  butter  (as  a part  of  their  unit  on  milk). 
They  bought  crackers  and,  with  everything  duly  pre- 
pared, had  their  party  which  everyone  voted  a success. 

“No  arithmetic  was  forced  into  this  activity  as  it  was 
felt  to  be  worth-while  in  itself.  However,  much  simple 
mathematics  suited  to  second  grade  children  grew  from 
it.  There  was  studying  of  the  calendar  and  time  to 
decide  when  to  have  the  party.  There  were  the  chil- 
dren and  probable  guests  to  be  counted.  The  children 
counted  the  tomatoes,  measured  salt  and  sugar  to  be 
put  into  the  juice.  They  studied  measuring  by  cups, 
pints,  and  quarts.  They  tested  to  see  how  many  paper 
cups  could  be  filled  from  one  measuring  cup.  When 
they  decided  on  three,  they  reckoned  on  the  number 
of  cups  to  a quart.  They  counted  napkins,  crackers 
to  a box,  pennies  to  buy  the  crackers,  and  went  to  the 
store  to  buy  the  crackers.” 

(2)  Planting  a garden 

“The  second  grade  has  a garden.  In  planning  it  they 
decided  to  raise  vegetables  and  flowers.  In  considering 
what  to  plant  they  decided  to  raise  flowers  for  school 
and  pop-corn  and  pumpkins  for  the  fall  Hallowe’en 
party.  Later,  they  were  much  delighted  to  read  of  other 
children  who  had  planted  the  same  seed. 

“Mr.  Warfel  plowed  the  ground  for  them  and  the 
NYA  assistant  made  the  large  lumps  of  earth  soft  and 
helped  the  children  with  his  instruction.  They  took  turns 
laying  out  the  flower  beds,  measuring  rows,  cutting 
sticks,  planting  seeds,  weeding  the  garden,  and  watering 
the  plants  when  they  pushed  through  the  soil.  The  tiny 
plants  and  later  the  flowers  were  their  constant  joy. 
When  the  children  went  on  to  third  grade,  the  pop-corn 
and  pumpkins  were  gathered  and  divided  between  the 
new  second  grade  and  the  third  grade. 

“The  following  arithmetic  grew  from  the  activity.  The 
land  was  measured  and  posts  were  put  in  to  define  the 
garden.  Working  plans  were  made  by  which  to  tell 
what  was  in  the  garden.  Account  of  the  time  it  took  for 
plants  to  sprout,  to  bud,  to  blossom  was  taken;  plants 
and  flowers  were  compared  as  to  size,  thickness  of  stems, 
number  of  leaves  and  kind  of  growth.  The  cost  of 
fertilizer  was  reckoned  and  seeds  counted.  Orders  for 
seed  were  sent  in  to  Burpees  and  a check,  written  by 
the  children  and  signed  by  the  teacher,  was  sent  with 
the  order.  Later,  when  the  children  found  a family  of 
wrens  flying  around,  some  of  the  boys  built  a bird  bath 
to  accommodate  them.  This,  also,  required  arithmetic 
in  the  form  of  proportion  in  mixing  and  measuring  in- 
gredients for  the  concrete.” 
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(3)  Building  a house 

“The  children  in  second  grade  wanted  a house  and 
talked  over  many  plans  to  make  one.  At  first  it  seemed 
impossible  because  of  the  difficulty  in  getting  and 
handling  materials.  The  NYA  solved  the  latter  prob- 
lem, for  an  able-bodied  student  was  assigned  to  help; 
then  the  children,  the  interested  worker,  and  the  teacher 
began  in  earnest. 

“Together  they  planned  the  house,  using  the  measure- 
ments 6'  x 6'  x 6'.  The  children  used  an  inch  to  a foot 
on  their  crude  drawings  of  floor  and  sides,  marked  a 
window  on  each  side,  and  a front  door  which,  however, 
never  materialized. 

“Everyone  went  scouting  for  material  and  most  of  the 
wood,  the  green  paint,  and  a bag  of  cement  left  from 
the  building  of  a garage  were  donated.  The  ground  was 
measured  6'  x 6'  and  the  holes  in  the  corner  dug  for 
the  concrete.  The  concrete  was  mixed  and  the  posts 
set.  The  floor  and  ridge  posts  were  put  on  and  little  by 
little  the  house  began  to  grow,  until  today  it  sits  under 
a tree  by  the  garden,  waiting  for  spring  when  again  the 
children  may  play  house  or  have  reading  classes  in  it. 
If  they  wish,  they  may  change  it  to  a post  office,  a store, 
and  the  like.  The  roof  was  made  of  boards  and  leaked, 
so  the  NYA  assistant  covered  it  with  tar-paper. 

“Arithmetic  was  needed  on  almost  all  occasions.  The 
posts  and  boards  were  measured;  nails  and  window 
panes  were  counted.  A spirit  level  was  used  and 
studied;  tools  were  handled  and  named;  and  differences 
in  sizes  of  boards  were  noted.  The  height  of  the  house 
was  noted  and  at  length  the  children  reasoned  why  the 
house  was  not  six  feet  tall  at  the  sides  when  the  posts 
used  were  six  feet  long.  The  concrete  was  mixed:  1 

part  cement,  1 part  sand,  and  1 part  stones.  The  dif- 
ference in  thickness  of  boards  and  posts  was  noted  and 
the  reasons  for  having  different  thicknesses  studied. 
Bills  for  certain  lumber  were  checked  and  costs  of  mate- 
rials were  totaled.” 

5.  Grades  II  and  III 

a.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  Dora  F.  Wolf  angle,  Teacher 
(1)  Foods 

“During  the  summer  session,  a group  of  the  brighter 
children  became  interested  in  a study  of  foods.  They 
participated  in  a variety  of  interesting  and  in- 
structive activities,  which  finally  culminated  in  pre- 
paring a luncheon  for  their  mothers.  The  following  are 
typical  experiences  and  a few  of  the  arithmetic  activi- 
ties involved: 
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A visit  to  the  dairy 

Telling  time — We  must  be  there  at  10:30.  It  will 
take  us  twenty  minutes  to  walk.  At  what  time  must 
we  start? 

Talking  with  the  dairyman  about  milk  collection 
When  does  the  farmer  milk  the  cow? 

How  long  does  it  take  the  milk  to  reach  the  dairy? 
How  long  does  it  take  to  get  the  milk  in  bottles? 
When  does  the  milkman  start  to  deliver? 

What  time  does  he  have  to  get  up? 

When  is  the  milk  put  on  our  porch? 

How  long  does  it  take  for  the  milk  to  reach  us  after 
the  cows  are  milked? 

Measures — half-pint,  pint,  quart 

Money — What  does  the  farmer  get  for  a quart  of 

milk? 

What  do  we  pay  for  a quart  of  milk? 

How  much  does  the  dealer  get? 

Thermometer — reading  the  thermometer  on  the  pas- 
teurization tanks 

Making  currant  jelly 

Money — What  is  the  cost  of  berries  per  quart? 

What  will  six  quarts  cost? 

Buy  the  berries  and  determine  the  amount  of  change 
required 

Determine  the  cost  of  sugar 
How  much  does  our  jelly  cost  us? 

How  much  does  it  cost  in  the  store? 

Is  it  cheaper  to  make  it  or  buy  it? 

Measure — quart,  cup,  half-cup,  pound,  half-pound 

A visit  to  a meat  store 

Thermometer — Reading  the  thermometer  in  the  store 
and  comparing  it  with  the  one  in  the  refrigerator 
Measure — Examine  the  scales,  recognize  pound,  half- 
pound,  ounce 

Money — Find  out  cost  of  different  cuts  of  meat 
What  are  good  buys? 

How  much  meat  would  a dollar  bill  buy? 

A visit  to  an  orchard 

Telling  time — How  long  does  it  take  to  drive  one  mile? 
How  long  will  it  take  to  go  the  whole  distance? 
When  will  we  have  to  leave  to  get  there  in  time? 
Money— How  much  does  gasoline  cost  per  gallon? 
How  far  can  we  travel  on  a gallon? 

How  many  gallons  will  we  need? 

How  much  will  the  gasoline  cost? 

How  much  does  the  oil  cost? 

What  will  our  trip  cost  us? 

How  much  does  spray  for  the  fruit  trees  cost? 
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About  how  much  money  does  the  fruit-grower  spend 
on  one  peach  tree? 

About  how  many  baskets  of  peaches  does  he  get  from 
one  tree? 

How  much  money  does  he  get  for  the  peaches? 

Does  it  pay  to  raise  peaches? 

Measures — mile,  half-mile,  gallon,  quart,  basket 
Counting — How  many  peach  trees  are  there  in  a row? 
How  many  peach  trees  in  the  orchard? 

How  many  rows  are  there? 

How  many  apple  trees  are  there? 

Are  there  more  apple  or  peach  trees  in  the  orchard? 

Setting  the  luncheon  table 

Counting — How  many  people  will  be  at  the  luncheon 
if  we  each  bring  one  guest? 

There  are  four  tables 

How  many  people  will  sit  at  each  table? 

Count  the  knives,  forks,  spoons,  paper  napkins,  plates, 
and  glasses.” 

6.  Grades  III  and  IV 

West  Chester,  State  Teachers  College,  Laboratory  School,  Mrs. 

Frances  M.  Baldwin,  Teacher 

(1)  Transportation 

“A  group  of  third  and  fourth  grade  children  were  par- 
ticularly interested  in  the  development  of  land  travel. 
Our  unit  ‘Travel  by  Land  and  by  Air’  showed  how  the 
human  race  through  the  ages  has  depended  upon  modes 
of  travel  and  also  the  progress  of  civilization  in  propor- 
tion to  the  development  of  land  transportation. 

“The  children  read  many  stories  about  the  types  of 
transportation  used  by  various  peoples,  such  as  Japa- 
nese, Eskimos,  Indians,  etc.  Comparisons  and  contrasts 
with  the  early  forms  of  travel  in  our  own  country  were 
made.  This  afforded  many  possibilities  for  the  uses  of 
arithmetic  in  connection  with  the  present-day  travel. 

“We  took  trips  to  the  Camden  Airport  and  to  the 
Franklin  Institute,  Philadelphia.  We  also  visited  the 
bus  terminal  and  the  railroad  station  in  our  own  town. 

“The  following  situations  gave  splendid  opportunities 
for  number  experiences: 

Estimating  cost  for  the  individual  and  for  the  group 
when  we  took  trips  to  the  airport  and  the  museum 
Finding  the  cost  of  our  lunches  at  both  places 
Determining  the  number  of  tickets  and  cost  of  admis- 
sion to  the  museum 

Calculating  mileage  and  gas  necessary  for  the  trips 
and  then  finding  out  the  amount  each  child  should 
pay  the  driver 
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Learning  to  read  timetables — finding  cost  of  trans- 
portation by  boat,  train,  and  airplane  between  differ- 
ent cities;  also  the  time  and  mileage  between  the  same 
points 

Finding  the  cost  for  our  group  when  going  over  the 
Delaware  River  Bridge  at  25 </;  each 
Estimating  cost  of  materials  for  our  various  activities 
Measuring  spaces  and  materials  necessary  for  our 
unit 

Getting  weighed  at  the  baggage  depot  and  finding 
differences  in  weights.” 

7.  Grade  IV 

a.  Crafton,  Public  Schools,  Miss  Ora  Gorman,  Teacher 
(1)  The  earth 

Quantitative  concepts  developed 

Comparative  sizes  of  the  planets,  the  sun,  and  the 
moon 

Comparative  distance  of  the  planets  from  the  sun 

Some  concept  of  the  immensity  of  space 

The  depth  of  the  atmosphere 

The  diameter  and  circumference  of  the  earth 

The  fractional  parts  of  the  earth’s  surface  which  are 

land  and  water 

Some  concept  of  the  time  that  has  elapsed  since  life 
appeared  on  the  earth 

Relative  length  of  the  Nile  River,  and  distances  with 
which  the  children  are  more  familiar 
Relative  size  of  Egypt  and  areas  with  which  the  chil- 
dren are  more  familiar 

The  comparative  population  of  Babylon  and  modern 
cities 

Relative  sizes  of  pyramids,  palm  trees,  camels,  and 
people 

8.  Grade  V 

a.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  Lucile  Meredith,  Teacher 
(1)  Colonial  unit 

“Denominate  numbers.  In  our  colonial  unit  every 
child  who  desired  to  dip  candles  was  allowed  to  do  so. 
Someone  who  made  a specially  nice  one  was  encouraged 
to  make  a time  candle  for  the  whole  class.  Experimen- 
tation with  that  brought  minutes  as  parts  of  an  hour 
into  discussion  and  we  didn’t  stop  until  we  had  covered 
all  the  measures  of  time. 

“In  using  mordants  for  our  dyeing,  ounces  and  pounds 
were  discussed,  as  well  as  liquid  measure. 

“Whole  numbers.  We  found  that  it  was  customary  for 
colonial  children  to  work  very  long  examples  in  division. 
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This  afforded  excellent  practice  in  counting  off,  to  see 
how  many  figures  we  would  have  in  our  quotients,  and 
where  the  figures  would  be  placed.  This  is  an  oppor- 
tunity to  work  long  examples  in  each  of  the  four  funda- 
mental processes.  Those  not  accurate  in  long  examples 
must  start  over  with  shorter  ones. 

“Fractions.  When  the  children  found  that  most  of  the 
colonial  recipes  contained  corn  in  some  form,  they  de- 
cided that  modern  recipes  were  more  appetizing  and 
asked  if  they  might  try  some  of  the  recipes  in  Kitchen 
Fun,  A Cook  Book  for  Children  by  Louise  Price  Bell, 
which  many  had  purchased  from  the  ten-cent  store. 
This  request  was  granted,  as  we  wanted  to  sell  what 
we  made  to  raise  some  money.  The  table  of  measure- 
ments is  the  simplest  and  best  introduction  into  fractions 
I have  seen.  We  used  flash  cards  built  on  the  same  idea 
for  further  practice.  When  we  understood  the  meaning 
of  a fraction,  we  doubled  the  recipes,  leading  into  the 
short  and  long  way  of  multiplying  fractions.  Profit 
and  loss  was  figured  in  selling  Penuche,  our  favorite 
recipe. 

“A  table  of  measurements  might  be  worked  out  in  con- 
nection with  the  recipe  for  cranberry  jelly  and  other 
colonial  dishes. 

“General  arithmetic.  Each  year  we  undertake  to 
make  some  colonial  craft  not  attempted  the  year  be- 
fore. The  colonial  tin  lantern  was  a rich  source  of 
arithmetic.  We  found  the  circumference  of  the  coffee 
cans  from  the  diameter;  then  checked  our  work  by  put- 
ting the  papers  around  the  cans.  In  making  the  designs 
we  used  our  rulers  for  measuring.  The  instructions  were 
obtained  from  the  Industrial  Arts  Cooperative  Service, 
519  W.  121st  Street,  New  York  City,  N.  Y.” 

9.  Grade  VI 

a.  West  Chester,  State  Teachers  College,  Laboratory  School, 
Miss  Anne  L.  Smith,  Teacher 
(1)  Unit  on  Germany 

“Frequently  a unit  in  social  studies  begins  because  of 
some  questions  asked  in  the  weekly  meeting  of  the 
World  News  Club.  During  one  club  meeting  in  the 
spring  of  1935,  the  children  became  interested  in  the 
following  question:  'What  is  the  Treaty  of  Versailles 
and  why  has  Germany  broken  it?’  The  problem  as 
stated  became  the  keynote  of  a month’s  study  of  Ger- 
many before  and  after  the  World  War;  the  part  played 
in  the  War  by  other  leading  nations  of  the  world;  the 
provisions  of  the  Treaty  of  Versailles;  the  birth  and 
purposes  of  the  League  of  Nations. 

“The  following  paragraph,  discovered  in  a reference 
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book,  made  an  understanding  of  percentage  necessary: 
‘By  the  terms  of  the  Treaty  of  Versailles,  Germany 
lost  thirteen  per  cent  of  her  area  in  Europe,  ten  per 
cent  of  her  population,  all  of  her  colonial  possessions, 
twenty-six  per  cent  of  her  coal,  seventy-four  per  cent 
of  her  iron  ore,  sixty-eight  per  cent  of  her  zinc,  eighty- 
five  per  cent  of  her  merchant  marine,  thirty  per  cent  of 
her  potash,  and  nearly  all  of  her  army  and  navy.’  The 
percentages  as  quoted  were  used  in  making  a series  of 
nine  bar  graphs  showing  Germany’s  losses  after  the 
World  War. 

“By  the  time  the  unit  was  completed,  the  children  had 
obtained  much  of  the  knowledge  of  percentage  and  all 
the  knowledge  of  graphing  ordinarily  expected  in  a 
sixth  grade  class.” 

10.  Special  class 

a.  York,  Public  Schools,  Garfield  School,  Miss  Frances  V. 
Farcht,  Teacher 
(1)  A trip  to  the  mill 

“The  trip  to  the  mill  was  a social  studies  excursion, 
with  arithmetic  not  particularly  in  mind.  Notice  how 
much  arithmetic  actually  was  experienced.  The  account 
given  here  is  copied  verbatim  from  the  actual  social 
studies  record  and  reading  chart  made  by  the  pupils  and 
their  teacher  after  their  return  from  the  mill. 

Chemicals  are  used  to  treat  flour.  Chloric  acid  makes 
the  flour  white. 

There  was  a tool  shop  in  the  mill  to  repair  any  broken 
parts. 

When  the  wheat  comes  to  the  mill,  sometimes  corn 
is  already  mixed  with  it;  sometimes  there  is  hay  or 
other  dirt.  A machine  cleans  this  out. 

Flour  is  packed  in  bags  and  barrels.  A barrel  of 
flour  weighs  196  pounds.  A large  empty  bag  costs  7 
cents.  A barrel  is  made  of  wood  and  costs  75  cents. 
So  bags  are  cheaper  than  barrels  to  buy  flour  in. 
Cotton  bags  are  sewed  shut,  fast. 

Shakers  shake  flour. 

Flour  is  sifted  through  silk  cloth  many  times.  One 
inch  of  the  cloth  has  more  than  a thousand  fine  holes. 
Robert  said  that  it  was  more  holes  than  cloth.  It  cost 
$12  for  about  3 yards  of  cloth  that  was  1 foot  wide. 
Bags  are  loaded  onto  cars  by  a large  moving  belt  and 
a sliding  board. 

Chicken  feed,  cereal,  and  self-rising  flour  are  made  at 
the  mill.  Wheat  is  mashed  by  heavy  rollers. 

A big  wheel  is  8 feet  under  the  water.  The  water 
turns  this  wheel.  The  wheel  turns  all  of  the  ma- 
chinery. 
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The  mill  runs  night  and  day. 

We  want  to  go  back  to  find  out  how  high  the  mill  is. 
We  think  it  is  higher  than  our  school;  and  we  want  to 
find  out  how  high  the  elevators  are.” 

(2)  Making  and  selling  book  cases 

Note:  Arithmetic  was  not  the  moving  purpose  of  this 
activity.  It  simply  came  naturally  into  the  project  as 
a useful  means  of  arriving  at  a more  important  end. 

The  situation. 

The  teacher  of  this  class  thought  that  two  of  her  older 
boys,  who  had  been  in  her  class  for  several  years,  had 
come  to  look  upon  their  carpentry  work,  connected  with 
the  unit  and  otherwise,  as  being  rather  babyish  and  pur- 
poseless for  them.  Therefore,  the  teacher  and  super- 
supervisor decided  to  try  out  putting  a part  of  their 
wood  work  on  an  actual  commercial  basis. 

There  was  a patron  who  promised  to  pay  a reason- 
able amount  for  two  small  book  cases,  and  she  said  that 
she  “certainly  would  like  to  have  them  well  made.” 
Much  arithmetic  was  involved,  of  course,  in  the  mea- 
suring and  cutting  of  the  lumber;  but  that  in  itself  was 
nothing  new  to  these  boys.  What  was  new  to  them  was 
the  delivery  of  the  book  cases  to  the  patron,  her  careful 
examination  before  acceptance  of  them,  their  making 
out  a written  statement  as  business  firms  do,  including 
the  costs  of  materials  and  labor,  her  mailing  of  the 
check,  their  cashing  the  check  at  the  First  National 
Bank,  and  finally  their  putting  the  money  that  they  had 
actually  earned  into  their  own  pockets  to  spend  later 
as  they  themselves  needed  or  pleased. 

The  activity  seemed  a success  to  teacher  and  super- 
visor. 

The  Bill. 

GARFIELD  SPECIAL  CLASS 
Book  Cases  (with  labor) 

Sold  to  Mrs.  J.  E.  Smith 


2 Book  Cases: 


Lumber  $2.99 

Stain 23 

Varnish  25 

Labor  2.50 


$5.97 
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Dividing  the  Check. 

(Account  written  by  Miss  Farcht.) 

“Mrs.  J.  E.  Smith  sent  a check  for  $6.00.  We  had 
quite  a bit  of  fun  planning  how  to  use  the  money.  First 
we  decided  that  the  money  for  labor  should  be  divided 
evenly  in  two  parts  because  there  were  two  book  cases. 
S1.26V2 

We  divided  2) $2.53 

“If  two  boys  made  one  case  then  each  boy  could  have 
$ .63 
2)$1.26 

“Four  boys  made  the  other  case  so  each  boy  could 

have  $ .31% 

4)$1.26 

“After  all  this  figuring  we  decided  to  allow  one  dollar 
for  each  book  case  to  the  boys  who  made  them  and 
to  keep  the  change  for  the  room.  Then  if  two  boys 
made  one  case  each  could  have 
$ .50 
2)$1.00 

“And  if  our  boys  made  the  other  each  could  have 

$ .25 
4)$1.00 


“We  thought  about 

the  money  denominations 

needed  in  order  to  pay 

Paul 

$ .50 

Reed 

.50 

Robert 

.25 

William 

.25 

Morris 

.25 

Bud 

.25 

Room 

.53 

Teacher 

3.47  (for  the  materials) 
$6.00 

“We  decided  upon 

3 dollar  bills 

$3.00 

2 half  dollars 

1.00 

4 quarters 

1.00 

5 dimes 

.50 

8 nickels 

.40 

10  pennies 

.10 

$6.00 

“Then  Paul  endorsed  the  check  and  we  took  it  to 

bank  at  noon.  That  afternoon  we  wrote  this  story. 
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A Trip  to  the  Bank 

A lady  sent  us  a check  for  some  work  that  we  did  for 
her.  We  had  to  take  it  to  the  bank  to  get  it  cashed. 
Paul  endorsed  the  check. 

A special  officer  asked  us  what  we  wanted.  Paul 
handed  the  man  the  check  and  a paper  that  told  how 
we  wanted  the  money.  We  wanted 


3 dollar  bills 
2 half  dollars 

4 quarters 

5 dimes 
8 nickels 

10  pennies 

The  officer  took  us  to  the  teller.  He  laughed  and 
asked  if  each  one  wanted  to  carry  some  of  all  that 
money.  He  gave  the  check  to  Mr.  Fry.  Mr.  Fry  showed 
the  check  to  a lady.  He  asked  if  it  had  Mrs.  J.  E.  Smith’s 
signature.  Then  he  counted  out  the  money.  He  was 
going  to  put  it  in  a very  large  bag.  We  said  we  didn’t 
need  a big  bag.  He  put  it  in  a small  bag. 

We  did  not  have  to  pay  for  the  check  because  it  was 
drawn  on  their  bank. 

We  divided  the  money  in  this  way 


Paul 

$ .50 

Reed 

.50 

Robert 

.25 

William 

.25 

Morris 

.25 

Bud 

.25 

Miss  F. 

3.47 

Party 

.53 

$6.00 


(for  materials) 


The  children  were  pleased  with  the  money.  Some  of 
them  spent  it  for  movies  or  candy  and  others  saved  it.” 
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INTRODUCTION 

The  data  presented  in  Section  I of  the  Appendix  indicate  that  most 
of  Pennsylvania’s  school  superintendents  and  those  in  our  State 
Teachers  Colleges,  responsible  for  teaching  teachers  how  to  teach 
mathematics,  favor  a systematic  development  of  arithmetic  topics  in 
second  grade  and  beyond.  This  position  agrees  with  that  taken  by  the 
Committee.  In  conformity  with  those  choices,  the  course  outline  for 
kindergarten  and  first  grade  provides  suggestions  for  an  opportunistic 
teaching  and  learning  of  arithmetic;  those  for  grades  II  to  VI  give 
more  attention  to  a systematic  development  of  skills  and  abilities. 

The  general  aims  and  procedures  suggested  for  kindergarten  and 
grade  1 are  applicable  to  the  entire  elementary  school  as  its  whole 
curriculum  becomes  organized  to  make  that  possible. 


A.  KINDERGARTEN  AND  FIRST  GRADE 

1.  Aims 

There  is  a growing  demand  for  the  formulation  of  broadened 
aims  in  agreement  with  desirable  kindergarten  and  first  grade  life 
rather  than  in  terms  of  isolated  skills  and  specifics  to  be  learned. 
This  means  that  enriched  school  life  is  to  become  the  directional 
force  for  determining  school  activities  and  specific  learnings  are  to 
take  their  rightful  place  as  means  and  as  outcomes.  Since  mathe- 
matics is  becoming  increasingly  important  to  living,  some  of  the 
aims  for  better  teaching  and  learning  are  in  terms  of  utilizing  more 
opportunities  for  enriching  experiences  by  the  recognition  and  use 
of  their  quantitative  aspects.  Such  aims  are  here  presented: 

a.  To  develop  an  increasing  awareness  that  the  use  of  number  is 
necessary  in  daily  living. 

b.  To  develop  an  increasing  awareness  of  types  of  situations  where 
quantity  and  numerical  relationships  are  important  factors. 

c.  To  develop  more  and  more  ability  to  meet  problems  of  living 
when  quantity  and  numerical  relationships  are  important. 

The  objectives  so  stated  define  the  emphasis  to  be  given  to 
mathematics,  the  teaching  procedure,  and  the  ultimate  accomplish- 
ment in  the  kindergarten  and  first  grade,  as  well  as  in  the  rest  of 
the  elementary  school. 

2.  Number  opportunities 

Only  informal  work  in  arithmetic  is  advocated  for  kindergarten 
and  first  grade  children.  The  first  part  of  Section  II  lists  some 
incidental  number  opportunities  for  kindergarten  and  first  and 
second  grades.  The  list  includes  some  centers  of  interest  involving 
number;  also  it  lists  opportunities  for  counting,  for  reading  and 
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writing  numbers,  for  using  number  in  measurement,  and  in  relation 
to  money,  to  combine  and  take  away,  to  double  and  triple,  to  ap- 
portion and  divide,  to  see  relationships  and  proportions,  to  esti- 
mate, and  in  relation  to  reading  and  games.  The  list  is  by  no 
means  exhaustive.  Its  purpose  is  to  point  out  to  the  teacher  how 
and  where  number  learning  opportunities  may  tie  up  with  the  rest 
of  the  school  life.  No  outsider  can  decide,  nor  can  the  teacher 
herself  know  in  advance,  the  exact  opportunities  for  number  ex- 
periences her  children  will  meet.  However,  when  conditions  for 
vital  learning  are  set  up  and  when  the  quantitative  side  of  living 
is  recognized  in  kindergartens  and  first  grades,  many  number 
opportunities  do  appear  and  can  be  used  to  advantage.  Obviously 
some  of  the  illustrations,  including  those  which  make  demands  for 
reading  and  writing  abilities,  are  too  advanced  for  kindergarten 
children  except  in  rare  instances  and  for  a number  of  first  grade 
children  as  well. 

The  second  part  of  Section  II  contains  illustrations  showing 
how  a few  kindergarten  and  first  grade  teachers  made  use  of  num- 
ber opportunities  which  grew  out  of  or  fed  into  the  experiences  of 
the  children.  These  are  offered  as  suggestions,  not  as  situations 
which  teachers  should  try  to  duplicate. 

The  writing  and  reading  by  the  children  themselves  of  some  of 
the  number  problems,  which  arise  in  the  classroom  and  demand  a 
solution,  has  much  value.  It  offers  practice  in  thinking  through 
problematic  situations,  in  expression  of  ideas  involving  number 
relationships,  and  in  reading  arithmetic  problem  material.  The 
best  of  these  written  problems  can  be  kept  on  a chart  for  children 
to  recall  and  refer  to.  Opportunity  may  also  be  given  the  children 
to  make  up  problems;  often  these  are  worth  recording  also.  It 
seems  that  such  practice  might  do  much  toward  increasing  facility 
in  dealing  with  reasoning  problems,  found  in  life  and  later  in  books, 
by  developing  the  necessary  reading  and  oral  expression  abilities. 

It  may  be  found  that  a few  children,  who  read  unusually  well, 
may  enjoy  reading  number  stories  from  books.  This  reading,  how- 
ever, should  be  encouraged  primarily  for  recreational  purposes. 

3.  Outcomes  desired — kindergarten 

As  progress  is  made  in  terms  of  the  objectives  listed  above,  the 
following  specific  learnings  result  frequently  for  the  child  during 
his  stay  in  the  kindergarten:1 

a.  Awareness  of  numbers  in  a consecutive  order;  some  experience 
with  rote  and  with  rational  counting 

b.  Meanings  of  numbers — association  of  the  number  symbol  with 
the  quantity  it  represents 

c.  Ordinal  meanings:  first,  second,  etc. 

d.  The  idea  of  quantity:  how  much,  how  many 

e.  Ideas  of  combining  and  taking  away 


1 This  list  incorporates  some  of  the  suggestions  found  in  a tentative  outline  in 
arithmetic  made  during  the ' year  1937,  by  the  primary  staff  of  Germantown  Friends 
School,  Coulter  Street,  Germantown,  Philadelphia,  Miss  Marjorie  Hardy,  Principal, 
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f.  Quantity  relationships:  1 is  the  same  as  1;  2 is  more  than  or 

again  as  much  as  1;  5 is  more  than  2;  a quart  is  more  than  a 
pint 

g.  Meaning  of  one-half 

h.  Awareness  of  time  as  a measure — the  clock  and  the  calendar 

i.  Awareness  of  money — penny,  nickel,  dime 

j.  Awareness  of  measuring  standards — pint,  one-half  pint,  foot 

k.  Indefinite  measurement — “about  as  tall  as  John;”  “about  as 
low  as  this  table;”  etc. 

l.  Vocabulary  development  in  terms  of  words  used  and  under- 
stood— large,  small,  high,  low,  big,  little,  many,  few,  tall, 
short,  up,  down,  wide,  narrow,  too  many,  too  few,  more,  less, 
and  many  others 

4.  Outcomes  desired — first  grade 

In  a number  of  classrooms  using  the  objectives  and  procedures 
recommended,  observations  and  interviews  with  the  teachers  cor- 
roborate the  belief  that  the  following  outcomes  obtain  for  the 
average  child  in  first  grade:2 

a.  Some  number  meanings 

(1)  the  consecutive  order  of  numbers  used  in  counting 

(2)  collection  meaning  (a  number  name  for  a group) 

(3)  ratio  meaning  of  number  (relative  size) 

(4)  ordinal  meaning 

(5)  idea  of  combining  and  taking  away 

(6)  idea  of  doubling  or  tripling  size 

(7)  idea  of  measurement 

(8)  concept  of  fraction,  half,  quarter,  and  ability  to  use  it 
mentally — no  symbol 

(9)  time — calendar,  clock 

b.  Counting  by  1 to  100,  by  2 to  20,  by  5 to  100,  by  10  to  100 

c.  Reading  numbers  to  100  or  more;  writing  numbers  to  100 

d.  Using,  reading,  and  writing  numbers  representing  amounts  of 
money  as  5^,  75^,  $1.00,  etc.  as  needs  for  doing  so  arise 

e.  Reading  Roman  numerals  on  a clock  dial  if  such  a clock  is  in 
the  classroom 

f.  Automatic  response  to  many  of  the  addition  and  subtraction 
combinations  with  answers  under  10;  some  column  addition 

g.  Denominate  numbers 

(1)  money — appreciating  the  value  and  use  of  cent,  nickel, 
dime,  quarter 

(2)  linear — ability  to  use  foot  rule  to  measure  inches 

(3)  liquid — ability  to  recognize  quart  and  pint 


2 This  list  also  incorporates  some  of  the  suggestions  found  in  a tentative  outline  In 
arithmetic  made  during  the  year  1937,  by  the  primary  staff  of  Germantown  Friends 
School,  Coulter  Street,  Germantown,  Philadelphia,  Miss  Marjorie  Hardy,  Principal. 


49 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


(4)  number- — dozen 

(5)  time — telling  time  by  the  hour  and  the  half  hour;  know- 
ing months  of  the  year,  number  of  days  in  month,  names 
of  days  of  week  and  number 

h.  Estimating  size,  distance,  amount,  number,  and  time  in  many 
situations 

i.  Familiarity  with  geometrical  figures:  circle,  square,  triangle. 

j.  Ability  to  discuss  intelligently  problematic  situations,  involv- 
ing number,  which  arise 

k.  Common  vocabulary  understood,  used,  and  recognized  as  it 
is  needed 

One  is  rather  impressed  with  the  tremendous  amount  of  arith- 
metic learning  which  does  take  place  in  schools  where  the  teaching 
is  informal.  The  common  statement,  that  no  arithmetic  is  being 
taught  or  learned  in  schools  where  it  is  not  being  developed  sys- 
tematically and  in  isolation,  is  an  erroneous  and  a misleading  one. 
But  the  teacher  or  supervisor,  who  uses  the  outcomes  as  a starting 
point  for  arranging  a system  of  learning,  defeats  the  purpose  of 
the  school.  He  can  get  the  children  to  learn  these  things  for  test 
purposes,  but  he  will  not  help  the  children  to  see  their  rightful 
relationships  to  problems  of  life,  and  he  will  not  be  providing 
opportunities  for  practice  in  practical  situations.  Then  he  must 
run  the  risk  that  children  will  not  see  the  significance  of  mathe- 
matics in  life  and  will  not  know  when  and  how  to  use  it  as  it  is 
needed. 

5.  Testing 

As  one  senses  the  significance  of  the  teaching  here  proposed,  he 
sees  that  testing  is  a part  of  the  teaching  and  learning  procedure. 
The  real  test  of  one’s  accomplishment  in  arithmetic  is  in  terms  of 
his  ability  to  use  it  in  life.  Having  the  child  find  correctly  the 
number  of  people  (20)  who  attended  the  party  is  a better  test 
than  having  him  count  to  20,  without  reference  to  a meaningful 
situation,  because  the  former  shows  how  he  can  apply  what  he  has 
learned. 

Some  teachers  find  satisfaction  in  using  tests  for  verification  pur- 
poses. The  use  of  a standardized  test  at  the  end  of  the  year  is 
recommended  as  an  additional  check  in  an  analysis  of  achieve- 
ment; a danger  is  that  its  value  may  be  overestimated  and  that 
specific  arithmetic  abilities  in  isolation  may  seem  too  important. 

6.  Arithmetic  vocabulary  commonly  introduced  and  used  in  first  grade 
a.  Appreciation  of  the  fact  that  groups  of  objects  differ  in  size 

and  position 


many 

few 

little 

high 

tall 


higher 

taller 


more 

fewer 

less 


most 

fewest 

least 

highest 

tallest 
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short 

shorter 

shortest 

large 

larger 

largest 

long 

longer 

longest 

low 

lower 

lowest 

small 

smaller 

smallest 

near 

nearer 

nearest 

deep 

deeper 

deepest 

more  than 

less  than 

large 

small 

long 

short 

wide 

narrow 

big 

little 

high 

low 

right 

left 

above 

below 

up 

down 

over 

under 

b.  Appreciation  of  the  fact  that  groups  of  objects  may  contain 
the  same  amount 

as  tall  as 
as  far  as 
as  short  as 
as  many  as 
as  big  as 
as  high  as 
as  long  as 
as  small  as 
as  low  as 
as  deep  as 
as  wide  as 
even 
each 

c.  Recognition  of  positions  of  numbers  in  consecutive  order 

comes  just  before 
comes  just  after 
comes  between 
just  follows 
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B.  SECOND  GRADE 

1.  Scope  of  skills  and  abilities 

a.  Counting,  reading,  and  writing  numbers 

(1)  By  l’s  to  100;  by  100’s  to  1000 

(2)  By  5’s  and  10’s  to  100 

(3)  By  2’s  to  20;  by  3’s  to  30;  by  4’s  to  40 

(4)  Roman  numerals  to  20  and  more  if  needed 

(5)  United  States  money  to  $10.00 

(6)  Vocabulary 

b.  Fundamental  processes 

(1)  Addition 

The  100  basic  facts 

Addition  of  2 two-place  numbers;  without  carrying 
Addition  of  2 three-place  numbers;  no  carrying 
Addition  of  a two-place  number  and  a one-place 
number;  no  carrying 
Adding  by  endings 
Without  carrying 
With  carrying 

Column  addition 

Of  3 one-place  numbers 
Of  3 two-place  numbers;  without  carrying 
Of  2 two-place  numbers  and  a one-place  num- 
ber; without  carrying 
Of  4 one-place  numbers 

Carrying 

With  2 two-place  numbers 
With  3 two-place  numbers 
With  2 three-place  numbers 
Carrying  in  units  place 
Carrying  in  tens  place 
Carrying  in  both  places 
With  3 three-place  numbers 

(2)  Subtraction 

The  100  basic  facts 

Of  2 two-place  numbers;  no  borrowing 

Of  a one-place  number  from  a two-place  number; 

with  borrowing 

Of  a two-place  number  from  a two-place  number; 
with  borrowing 
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Of  a two-place  number  from  a three-place  number; 
with  borrowing 
In  units  place 
In  tens  place 
In  both  places 

Of  a three-place  number  from  a three-place  num- 
ber; with  borrowing 
In  units  place 
In  tens  place 
In  both  places 

With  zeros 
In  minuend 
Units  place 
Tens  place 
Both  places 

In  subtrahend 
Units  place 
Tens  place 
Both  places 

In  remainder 
Units  place 
Tens  place 
Both  places 
Hundreds  place 
Vocabulary 

c.  Denominate  numbers 

(1)  Linear:  inch,  foot,  yard 

(2)  Liquid:  pint,  quart,  gallon 

(3)  Dry:  peck,  bushel,  pound,  dozen 

(4)  Money:  all  coins  to  one  dollar 

(5)  Time:  to  read  a calendar  and  to  tell  time 

d.  Fractions 

Meanings  of  halves  and  fourths;  others  as  needed 
2.  Suggested  topics  and  procedures 

Testing  should  precede  teaching  for  the  purpose  of  finding  each 
child’s  habits,  abilities,  and  skills. 

Note  the  emphasis  given  to  development  of  meanings  in  rela- 
tion to  processes  and  procedures, 
a.  Counting,  reading,  and  writing  numbers 
(1)  By  l’s  to  100;  by  100’s  to  1000 

Have  the  pupils  count  out  several  piles  of  100  sheets 
of  paper.  Let  the  children  count  the  piles,  “100,  200, 
300,  400,  etc.”  Teach  one  thousand  for  ten  hundred. 
Make  sure  the  child  sees  that  7 piles  are  700;  8 piles 
are  800;  etc. 
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Teach  intervening  numbers  by  putting  one  more  sheet 
of  paper  on  the  100  pile  and  say,  “one  hundred  one”; 
continue  counting  in  this  way.  Explain  what  comes 
after  199,  299,  399,  etc.  Write  the  numbers  in  a 
column  to  bring  out  the  fact  that  in  a three-place 
number,  hundred  corresponds  to  tens  in  a two-place 
number. 

Make  several  charts  with  100  circles: 


00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

00000 

Have  the  children  show  you  how  many  are  110,  125, 
etc.  Have  the  child  understand  145,  for  example,  the 
first  100  chart  and  40  circles  (the  first  four  rows  in 
the  second  hundred  chart)  and  5 (the  first  five  circles 
in  the  next  row) . Let  the  pupils  show  you  how  many 
are  185,  165,  130,  etc. 

Ask  how  many  are  1 hundred,  6 tens,  and  3 ones;  1 
hundred,  8 tens,  and  9 ones.  Use  the  other  hundred 
charts  in  the  same  way,  making  sure  the  child  under- 
stands the  meaning  of  the  numbers. 

Children  gain  concepts  of  number  sizes  in  relation  to 
specific  things.  The  100  circles  in  a group  will  do 
little  toward  developing  a meaning  of  100  trees,  100 
men,  100  bushels  of  wheat,  etc.  Each  quantity  is  a 
specific  concept  and  must  be  learned  separately. 
Practice  in  writing  numbers  should  be  through  dicta- 
tion and  through  creative  writing.  Provide  situa- 
tions where  children  write  for  real  purposes  and 
which  place  upon  them  demands  for  accuracy  and 
neatness. 

Tests 

Draw  a circle  around  the  largest  number: 

648  425  976  364 

Draw  a line  under  the  smallest  number: 

596  675  287 

Fill  in  the  missing  numbers: 

789  means hundreds, tens,  and ones. 
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Write  the  number  that  has  4 hundreds,  6 tens,  and  2 
ones. 

Write  the  number  that  comes  just  after  463. 

Write  the  number  that  comes  just  before  265. 

(2)  By  5’s  and  10’s  to  100 

Counting  by  5’s  and  10’s  may  be  associated  with 
money  values. 

Teach  the  recognition  and  the  relative  values  of  the 
coins — cents,  nickel,  and  dime. 

Count  by  nickels  to  1 dollar. 

Count  by  dimes  to  1 dollar. 

Count  by  5’s  to  find  the  number  of  cents  in  8 nickels. 
Count  by  10’s  to  find  the  number  of  cents  in  4 dimes. 

Test 

How  many  nickels  in  a quarter? 

How  many  dimes  in  a half  dollar? 

A quarter  will  buy  as  much  as  — — - nickels. 

A dollar  will  buy  as  much  as quarters. 

It  takes cents  to  make  a dollar. 

It  takes  — — dimes  and  nickels  to  make  a 

quarter. 

(3)  By  2’s  to  20;  by  3’s  to  30;  by  4’s  to  40 

Counting  by  2’s  is  taught  because  it  is  an  economical 
way  of  counting  and  because  it  gives  practice  in  add- 
ing by  endings.  “Adding  by  endings”  has  come  to 
refer  to  the  process  of  adding  such  combinations  as 
22  and  2,  42  and  2,  77  and  2,  19  and  2,  38  and  2,  etc. 
Guide  the  child  to  understand  that  when  2 is  added 
to  any  number  ending  in  1,  2,  3,  4,  5,  6,  or  7 the  tens 
digit  remains  unchanged,  such  as  11  and  2 are  13; 
26  and  2 are  28;  37  and  2 are  39.  When  2 is  added 
to  any  number  ending  in  8 or  9 the  tens  digit  is  raised 
by  1,  such  as  29  and  2 are  31;  38  and  2 are  40. 

Test 

Count  the  children  as  they  pass  in  double  line. 
Count  the  children’s  shoes  by  2’s  like  this,  2,  4,  6, 

) J * 

Count  the  gloves  by  2’s. 

Count  the  stockings  by  2’s. 

Count  the  children’s  hands  by  2’s. 

Write  the  numbers  from  36  to  60  by  2’s.  Children 
enjoy  counting  by  2’s  beginning  with  any  numeral, 
even  or  odd. 
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Counting  by  3’s 

Counting  by  3’s  may  be  developed  when  each 
child  needs  3 pieces  of  paper  for  drawing. 

Teach  “adding  by  endings”  by  three. 

Counting  by  4’s 

Count  the  children  as  they  pass  by  fours. 

Teach  “adding  by  endings”  to  prepare  the  chil- 
dren for  the  multiplication  tables. 

Give  much  oral  work  till  the  child  hears  it  as 
well  as  sees  it. 

(4)  Roman  numerals  to  20  and  more  if  needed 

Tell  the  history  of  the  numerals.  Once  the  child 
understands  the  origin  he  will  have  less  difficulty. 
Read  the  numbers  of  the  chapters  in  books. 

Teach  the  class  to  write  the  numerals  accurately. 

Test 

Write  the  Roman  numerals  for  the  following  num- 
bers: 10,  25,  30. 

Write  the  number  and  number  names  for  XX, 
XI,  XIX. 

Write  the  names  in  Roman  numerals:  twenty- 
eight,  nineteen. 

(5)  United  States  money  to  $10.00 

Have  the  children  count  their  milk  and  bank  money. 
Have  the  children  make  money  for  their  store. 
Discuss  the  prices  of  the  common  articles  until  the 
child  understands  correct  values. 

Test 

Fill  in  the  blank  spaces: 

There  are quarters  in  a dollar. 

There  are  - — — nickels  in  a quarter. 

A quarter  buys  as  much  as  - — — cents. 

A dollar  buys  as  much  as  - — — - quarters. 

A dollar  is  the  same  as dimes. 

12^  is  1 dime  and cents. 

25^'  is  1 dime  and cents. 

Which  is  more? 

2 dimes  or  18  cents 
2 quarters  or  70  cents 
1 dollar  or  200  cents 
1 dollar  or  3 quarters. 
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Which  is  less? 

2 dimes  or  25  cents 

3 quarters  or  78  cents 
1 dollar  or  5 quarters. 

Will  5 dimes  buy  as  much  as  40^? 

Will  1 dollar  buy  as  much  as  90^? 

1 have  a half  dollar.  How  much  change  will  I 
receive  if  I spend  40^,  35^,  38^? 

Problems 

Mary  has  a five-dollar  bill.  She  buys  a doll  that 

cost  $3.00.  She  has left. 

Make  a large  chart  with  pictures  of  different 
articles  pasted  on.  Print  the  price  of  each  article 
below  the  picture.  Using  the  chart  have  the 
class  fill  in  the  blanks. 

Which  article  costs  the  most? 

Which  article  costs  the  least? 

If  Mary  bought  a doll  and  a sled,  how  much 
money  would  she  need? 

Margaret  bought  a book.  She  had  $3.00. 
How  much  change  did  she  receive? 

Carrie  has  3 quarters,  a dime  and  6 cents. 
What  can  she  buy? 

Column  addition  may  be  used  by  having  the 
child  find  the  cost  of  several  articles. 

(6)  Vocabulary 

count  cent  change  even 

number  nickel  buy  odd 

just  after  dime  how  much  stands  for 

just  before  quarter  as  many  as  spent 

more  than  dollar  as  much  as  Roman  numerals 

less  than  half  dollar  same  as 

b.  Fundamental  processes 
(1)  Addition 

Teach  the  100  basic  facts.  It  is  good  practice  to 
teach  a combination  and  its  reverse  together. 

A specific  example  showing  how  to  present  a com- 
bination 

2 plus  2 equals  4 

2 and  2 equals  4 

2 + 2 = 4 

Add 

2 2 ? 

2 ? 2 

4 4 4 
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Have  four  interesting  objects  or  toys  as,  balls, 
marbles,  pennies,  etc.  Separate  the  objects  into 
two  groups  asking:  “How  many  are  here?” 

“How  many  are  here?”  “2  marbles  and  2 
marbles  are  how  many  marbles?”  Use  many  ob- 
jects showing  the  child  it  is  a quick  way  to 
count.  Write  on  the  board: 

2 marbles  2 pennies 

2 marbles  2 pennies 

4 marbles  4 pennies 

After  developing  the  idea  that  2 things  and  2 
things  are  4 things,  impress  the  idea  that  2 plus 
2 equals  4.  Do  not  hurry  to  the  abstract. 
Rationalize  the  combination  several  times  in 
order  to  make  it  automatic. 

Discourage  counting. 

Have  the  class  give  problems  using  the  com- 
bination. 

Correlatives 


Teach  4 plus  1 equals  five  and  1 plus  four 
equals  five. 

0000  and  0 are  five 
0 and  0000  are  five 


4 balls  1 ball 

1 ball  4 balls 

5 balls  5 balls 

4 14  1 

14  14 

5 5 ? 7 


1 thing  4 things 

4 things  1 thing 

5 things  5 things 

4 1 

? ? 

5 5 


Flash  cards 

Flash  cards  may  be  used  for  drill  purposes. 
Have  the  combinations  on  one  side  and  the  com- 
bination with  the  answer  on  the  reverse  side  of 
the  card. 

Make  a certain  number  of  combinations  auto- 
matic rather  than  have  too  many. 

Keep  a record  of  the  difficult  combinations,  but 
be  sure  to  teach  all. 


Order  of  difficulty 

Since  certain  combinations  are  more  difficult  to 
learn  than  others,  more  practice  on  them  prob- 
ably will  be  needed.  Table  1 contains  the  addi- 
tion combinations  arranged  in  order  of  difficulty 
according  to  the  Knight  and  Behrens  Study  (21). 
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TABLE  1 

ADDITION  COMBINATIONS  ARRANGED  IN 
ORDER  OF  DIFFICULTY  ACCORDING 
TO  THE  KNIGHT-BEHRENS  STUDY 


0 

1 

1 

9 

2 

0 

0 

0 

6 

2 

5 

7 

7 

2 

0 

3 

1 

0 

0 

0 

1 

4 

7 

0 

2 

1 

1 

0 

1 

6 

0 

0 

5 

3 

3 

0 

8 

9 

1 

1 

1 

6 

5 

0 

0 

5 

0 

0 

3 

0 

2 

1 

1 

9 

8 

5 

1 

5 

9 

8 

4 

1 

1 

1 

1 

8 

1 

4 

2 

3 

3 

5 

7 

6 

4 

4 

3 

2 

7 

4 

0 

6 

1 

3 

1 

2 

2 

2 

6 

2 

7 

4 

2 

2 

5 

8 

2 

2 

3 

9 

2 

7 

8 

4 

8 

7 

0 

4 

9 

4 

2 

7 

5 

8 

2 

8 

4 

8 

3 

3 

4 

9 

6 

8 

5 

3 

2 

6 

6 

5 

7 

4 

3 

6 

9 

5 

9 

2 

4 

6 

4 

6 

5 

3 

3 

3 

7 

9 

4 

3 

3 

5 

9 

6 

3 

3 

7 

8 

4 

9 

6 

7 

4 

9 

9 

7 

7 

6 

9 

6 

5 

6 

6 

8 

4 

7 

5 

6 

8 

5 

6 

4 

8 

7 

9 

8 

5 

8 

7 

5 

8 

9 

5 

8 

7 

9 

8 

7 

9 

9 

This  table  is  a helpful  guide  but  the  teacher 
must  remember  that  not  many  of  her  children 
will  conform  to  it  entirely;  in  other  words,  it  can 
not  take  the  place  of  results  obtained  by  testing 
individual  children  to  note  difficulties. 

In  order  to  have  the  answers  before  the  child,  it 
is  suggested  that  the  teacher  make  a number 
chart  or  number  dictionary  having  the  answers 
to  the  100  combinations. 

Zero  combinations 
Teach  the  word  zero. 

Teach  the  child  that  zero  (0)  means  “not  any” 
or  “nothing.” 

Addition  of  2 two-place  numbers;  without  carrying 

The  children  have  been  buying  Christmas  presents. 

How  much  did  each  child  spend? 

Alice  Jack 

Book  35^  Balloon  15^ 

Ball  24^  Engine  70^ 
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Do  not  use  objects  to  demonstrate  this  type  of 
addition;  just  explain  it. 

Place  one  number  below  another. 

Add  the  right  hand  figures  first. 

Add  the  other  figures. 

Read  the  answer. 

Suggestions  relative  to  procedure 

Only  numbers  in  columns  whose  sums  are  9 or 
less  should  be  added. 

Practice  should  be  distributed  to  include  different 
combinations  including  zero. 

Teach  the  addition  fact  before  the  subtraction 
fact. 

Teach  the  combinations  in  some  order,  the  easiest 
first  and  hardest  last.  This  discourages  counting 
to  find  the  answers. 

Introduce  the  new  combinations  objectively  and 
apply  them  to  child-like  situations. 

Make  the  response  to  the  basic  combinations 
automatic. 

Tell  the  child  the  answer  before  he  has  an  oppor- 
tunity to  count  to  find  it. 

Drill  work  should  grow  out  of  a real  need  for  it 
as  felt  by  the  child. 

Apply  the  combinations  to  a wide  variety  of 
problems,  carefully  graded. 

Give  tests  occasionally  and  keep  a record  of  each 
child’s  progress. 

Teach  addition  of  2 three-place  numbers;  no  carrying 

222  222  428  118  460  306 

111  325  110  201  110  471 


Two-place  number  and  a one-place  number;  with 
and  without  carrying 

Have  the  class  keep  store  and  buy  things.  Place 
a price  list  on  the  board  and  have  the  child  list 
the  cost  of  two  articles: 

a loaf  of  bread  9 <f,  a pound  of  butter  23^ 

a box  of  cocoa  20^  a box  of  matches  5^ 

60 


SELECTIVE  GRADATION  OF  MATERIALS 


Teach  “adding  by  endings”  in  sequence  first  as: 
3333333333 
1 11  21  31  41  51  61  71  81  91 


3333333333 
2 12  22  32  42  52  62  72  82  92 


Not  in  sequence: 
63 
2 


3 93  43 

2 2 2 


Adding  by  endings  requires  a basic  combination 
in  units  place.  It  is  sometimes  called  “higher 
decade  addition”3  since  one  of  the  addends  is 
always  more  than  10.  “Adding  by  endings”  is 
necessary  in  most  column  addition. 

Adding  without  carrying 

Write  several  groups  of  numbers,  having 
a common  combination  on  the  blackboard. 

2 2 2 2 2 2 

4 14  24  34  44  54 

Ask  child  for  the  sums.  Ask  in  what  respect 
they  are  alike.  Call  attention  to  6.  Make 
certain  the  child  sees  it  by  using  several 
examples. 

Have  reverse  combinations: 

3 4 3 5 

24  33  15  43 

Write  many  groups  on  the  board  and  have  a 
child  tell  the  number  in  which  each  sum  will  end. 
Provide  a variety  of  practice,  both  oral  and 
written,  using  all  addition  combinations  with 
sums  less  than  ten.  Practice  should  consist  in 
adding  a number  of  one  place  to  a number  of 
two  places  as  this  occurs  in  column  addition. 

Adding  by  endings  with  carrying 

Write  on  the  board  a group  of  numbers  as: 

5 5 5 5 5 

7 17  27  37  47 


3 A higher  decade  addition  combination  is  defined  as  one  in  which  a one-place  number 
is  added  to  a two-  or  more-place  number  and  there  is  no  limit  to  the  number  of  numbers 
containing  two  or  more  places. 
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Have  the  child  tell  in  what  way  the  answers  are 
alike. 

5 7 5 7 

7 15  27  55 


Have  the  child  see,  when  5 and  7 or  7 and  5 
are  together,  the  answer  is  always  12.  Develop 
the  answer. 

6 

6 

9 

9 

19 

36 

1 

1 

1 

1 

1 1 

1 1 

9 

29 

39 

49 

59  69 

79  89 

2 

2 

2 

2 

2 2 

2 

8 

28 

38 

58 

68  78 

88 

2 

2 

2 

2 

2 

9 

19 

29 

39 

49 

3 

3 

3 

3 

3 

9 

19 

29 

39 

49 

3 

3 

3 

3 

3 

8 

18 

28 

38 

48 

4 

4 

4 

4 

4 

9 

19 

29 

39 

49 

Have  the  child  discover  that  in  adding  36  and  5 
the  answer  must  end  in  1 in  the  next  ten.  This 
can  be  shown  by  using  the  hundred  chart. 

Have  many  examples. 

Let  the  child  give  only  the  number  in  which  each 
sum  ends.  This  will  call  attention  to  “adding  by 
endings,”  and  the  necessity  of  going  into  the  next 
decade  for  the  answer. 

Have  much  practice  on  adding  by  endings  with 
carrying. 
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Column  addition 

Permits  variety  of  practice  in  maintaining  skill  in 
addition. 

Can  be  utilized  in  many  games  providing  real 
problem  situations. 

Gives  practice  in  zeros. 

Develops  skill  in  adding  by  endings. 

Develops  skill  in  adding  a seen  number  to  an  un- 
seen number. 

Teaches  the  child  to  add  downward  first  and  then 
to  check  his  results  by  adding  upward;  this  pro- 
vides an  additional  amount  of  practice  and  enables 
the  child  to  locate  his  own  errors. 


Of  3 one-place  numbers 
Let  the  children  play  ten  pins  at  recess  and  add 
their  scores. 


Mary 

5 

3 

1 


John  Joe  Margaret 

4 6 7 

6 3 4 

7 2 1 


Add  down 

Review  carefully  the  combinations  which  will 
be  used  in  multiplication 

Of  3 two-place  numbers:  without  carrying 
The  sum  of  the  right  hand  column  9 or  less 
The  children  were  playing  “Ski-ball.”  Each 
rolled  three  balls.  Add  each  child’s  score. 


Mary 

John 

Joe 

Margaret 

31 

62 

21 

71 

34 

15 

51 

10 

24 

22 

23 

12 

Of  a two-place  number  and  a one-place  number; 
without  carrying 

Column  with  vacant  places 

Vacant  place  at  the  bottom  of  the  column 

55  43 

32  25 

2 1 
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Vacant  place  at  the  top  of  the  column 
2 4 

32  21 

85  30 

Vacant  place  in  the  middle  of  the  column 
32  46 

1 3 

85  30 

Of  4 one-place  numbers 

4 5 6 

3 4 8 

7 9 7 

6 3 2 

Carrying 

With  2 two-place  numbers 

Finding  of  the  cost  of  two  articles  usually  in- 
volves carrying.  A boy  bought  a watermelon  for 
35^  and  a dozen  oranges  for  28^.  Let  the  class 
suggest  what  to  do.  Change  the  amounts  into 
dimes  and  cents. 

3 dimes  5 cents  35^ 

2 dimes  8 cents  28^ 

5 dimes  13  cents  63^ 

13$  is  1 dime  and  3 cents. 

Be  sure  the  child  sees  what  you  do  with  the  one 
of  the  13. 

Have  much  practice. 

Problems 

There  are  33  children  in  first  grade  and  28 
children  in  second  grade.  How  many  children 
in  both  grades? 

Last  Monday,  John  went  with  his  family  on  an 
automobile  trip.  They  drove  36  miles  in  the 
morning  and  47  miles  in  the  afternoon.  How 
many  miles  did  they  go? 

Harry  went  to  buy  roller  skates  that  cost  98$. 
He  earned  25 $ last  week  and  69^  this  week. 
Has  he  enough  money  to  buy  the  skates? 
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With  3 two-place  numbers 


45 

78 

67 

87 

96 

66 

48 

52 

85 

96 

87 

97 

With  2 three-place  numbers 

Carrying  in  units  place 
237  838  239 

143  133  134 

Carrying  in  tens  place 
246  843  427 

172  191  192 

Carrying  in  both  places 
239  638  356 

284  289  486 


With  3 three-place  numbers 
735 
929 
988 


Practical  problems 

We  went  to  school  18  days  in  December  and 
23  days  in  January.  How  many  days  did  we 
go  during  December  and  January? 

Mary  has  3 ^ and  a dime.  How  much  money 
does  she  have? 

A quart  of  ice  cream  costs  32^  and  a pound 
of  nuts  costs  29fb  How  much  will  both  cost? 
There  are  23  children  in  the  first  grade  in  our 
school,  32  in  the  second  grade,  and  25  in  the 
third  grade.  How  many  children  are  in  the 
three  grades? 

Grace  has  4^.  She  wants  to  buy  a 10^  ball, 

so  she  will  have  to  get more. 

Jack  has  9 marbles.  Ned  gave  him  4 more, 

so  now  he  has marbles. 

Have  many  practical  problems  and  many 
tests  on  the  combinations. 
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(2)  Subtraction 

Teach  the  100  basic  facts 


Subtract 

4 

-2 

2 4-2  = 2 

Have  4 interesting  objects.  Separate  the  objects 
into  2 groups. 

Give  2 of  the  objects  to  a child  to  put  into  his 
pocket.  If  we  take  2 marbles  away  from  4 marbles, 
how  many  will  we  have  left? 

4 marbles 
-2  marbles 

2 marbles 

Use  many  different  objects.  Then  read  it,  “two 
marbles  from  4 marbles  are  2 marbles.” 

Draw  4 circles  on  paper  and  have  the  child  cut 
two  off.  After  visualizing  it  many  different  ways, 
write 

4 

-2 

2 

and  read  it,  “2  from  4 is  2.” 

Have  many  problems  given  by  the  class  as  each 
fact  is  taught. 

Flash  cards  may  be  made  and  used  as  in  the  addi- 
tion combinations. 

Teach  the  facts  in  a systematic  order  and  make 
the  facts  automatic  before  introducing  too  many. 

The  corresponding  subtraction  fact  may  be  taught 
at  the  same  time  the  addition  fact  is  introduced. 
Since  certain  subtraction  combinations  are  more 
difficult  to  learn  than  others,  provide  practice  on 
the  more  difficult  ones.  Table  2 lists  the  100  sub- 
traction combinations  arranged  in  order  of  difficulty 
according  to  the  Knight-Behrens  study  (21). 
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TABLE  2 

SUBTRACTION  COMBINATIONS  ARRANGED  IN 
ORDER  OF  DIFFICULTY  ACCORDING  TO 
THE  KNIGHT-BEHRENS  STUDY 


0 

1 

6 

5 

3 

1 

7 

7 

3 

8 

4 

9 

4 

9 

10 

0 

0 

0 

0 

3 

1 

7 

0 

0 

0 

0 

0 

4 

1 

1 

5 

2 

6 

5 

10 

3 

4 

2 

8 

7 

5 

9 

7 

12 

8 

5 

2 

6 

1 

5 

1 

1 

0 

8 

6 

4 

9 

1 

4 

1 

6 

8 

11 

9 

2 

6 

3 

6 

8 

10 

4 

14 

4 

12 

11 

3 

7 

5 

8 

1 

1 

2 

2 

4 

9 

2 

7 

3 

6 

6 

6 

8 

10 

5 

5 

10 

9 

10 

10 

10 

9 

11 

7 

6 

11 

5 

6 

2 

3 

2 

6 

2 

3 

7 

8 

4 

9 

5 

4 

2 

9 

11 

10 

7 

12 

12 

7 

13 

7 

15 

9 

12 

16 

8 

12 

7 

4 

4 

3 

8 

9 

4 

6 

2 

9 

3 

5 

8 

5 

7 

8 

11 

13 

18 

12 

11 

9 

11 

8 

9 

13 

17 

14 

14 

16 

2 

3 

7 

9 

3 

7 

5 

8 

3 

6 

5 

9 

9 

5 

7 

14 

13 

16 

15 

17 

14 

13 

13 

15 

15 

6 

9 

9 

7 

8 

8 

4 

8 

8 

6 

Zero  combinations 

Give  a child  4 pennies.  Let  him  give  4 away.  How 
many  does  he  have  left?  None,  zero,  not  any. 

4 pennies 
-4  pennies 

0 pennies 

Have  the  child  see  that  when  the  same  number  or 
all  he  has  is  given  away  the  answer  is  always  zero. 
Use  many  different  objects.  Then  write 

4 6 

-4  -6 

0 0 

The  zero  facts  can  be  added  to  the  child’s  diction- 
ary of  number  facts  after  he  has  learned  them. 
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Of  2 two-place  numbers;  no  borrowing 


Mary  had  33^  and  lost  12^.  How  much  did  she 
have  left? 

33  ^ 

-12 1 
21  ^ 

The  child  decides  the  process. 

He  thinks  2 from  3 is  1,  and  writes  the  1 under 
the  2 and  3. 

He  thinks  1 from  3 is  2,  and  writes  the  2 under 
the  3 and  1. 

Give  many  problems  and  have  abstract  drill  on  the 
difficult  facts. 

Teach  the  child  to  check  by  adding  and  to  check 
his  answer  by  subtraction. 

Of  a one-place  number  from  a two-place  number; 
with  borrowing 


13  10  15  24 

-5  -3  -6  -5 


Explain  the  endings,  but  subtraction  by  endings 
should  be  left  for  third  grade. 

Have  much  oral  practice  on  combinations  which 
require  borrowing  and  those  which  do  not,  as: 

33  63  50  39 

-2  -8  -9  -6 


Develop  many  problems. 

Of  a two-place  number  from  a two-place  number; 
with  borrowing 


Joe  had  83  cents.  He  bought  a football  for  75 
cents.  How  much  money  had  he  left? 

83<f  83«*  equals  8 dimes  and  3 cents  7 dimes  and  13  cents 
75tf  75 4 equals  7 dimes  and  5 cents  7 dimes  and  5 cents 


8tf 
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You  can’t  take  5 cents  from  3 cents;  so  take  one  of 
the  dimes  and  get  it  changed  into  cents.  Now  5 
cents  from  13  cents  is  8 cents,  and  7 dimes  from 
7 dimes  is  no  dimes.  8 cents  is  the  amount  Joe 
had  left. 

Teach  the  abstract — 5 from  13 

7 from  7 

Of  a two-place  number  from  a three-place  number; 
with  borrowing 


In  units 

place 

In  tens 

place 

941 

863 

467 

614 

25 

47 

83 

92 

In  both  places 
735  942  831 

46  69  387 

Three-place  number  from  a three-place  number; 
with  borrowing 


In 

units  place 

In 

tens  pi 

ace 

831 

942 

844 

239 

846 

366 

317 

439 

527 

186 

295 

192 

In  both  places 

467 

554 

614 

289 

187 

298 

zeros 

the  minuend 

In 

units  place 

In 

tens  pi 

ace 

580 

860 

850 

709 

506 

307 

275 

275 

283 

366 

342 

259 

In  both  places 

800 

500 

300 

256 

287 

136 
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In  the  subtrahand 
In  units  place 
498  586  699 

350  270  340 

In  both  places 
763  896  999 

500  400  500 


In  the  remainder 
In  units  place 
865  843  468 

295  283  288 


In  both  places 
588  743  892 

288  443  392 


In 

tens  place 

784 

963 

986 

303 

405 

608 

In 

tens  pi, 

ace 

468 

394 

496 

265 

186 

293 

In  hundreds 

place 

465 

324 

164 

423 

296 

99 

Have  all  subtraction  checked  by  addition. 


Vocabulary 


How  many  are  left? 

Remainder 

How  many  are  to  be  added? 

Add 

How  many  are  needed? 

Subtract 

Difference  between 

Minus 

How  much  is  left? 

Less 

How  much  more? 

More 

Take  away 

Answer 

Subtraction 

Problem 

Addition 

Progress  tests 

Practical  problems  involving  making  change 
Have  many  problems  of  each  of  these  types: 

John  had  25^.  He  spent  18^.  How  much  did  he 
have  left? 

Mary  has  a quarter.  Joe  has  19^.  How  much 
more  money  has  Mary  than  Joe? 

Marvaret.  has  35<L  How  much  more  money  must 
she  save  to  buy  a 50</‘  doll? 
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Problems 

Joe  had  9 marbles.  He  gave  7 to  his  little  broth- 
er. He  has marbles  left. 

Jim  had  14  pennies.  He  bought  a 5 cent  vanilla 

ice  cream  cone.  Then  he  had pennies  left. 

Elizabeth  had  35^  and  spent  17^  for  note  paper. 
How  much  has  she  left? 

Ann  brought  47  cents  to  the  school  bank  this 
week  and  29  cents  last  week.  How  much  more 
did  she  bring  this  week  than  last  week? 

There  are  235  pages  in  John’s  reader.  He  has 
read  143  pages.  How  many  more  pages  has  John 
to  read? 

How  much  change  will  you  get  from  a five  dollar 
bill  if  you  spend  three  dollars  and  ninety-five 
cents? 

Timed  tests  on  the  combinations 
c.  Denominate  Numbers 

By  actual  measuring,  the  child  learns  better  such  concepts 
as  a yard,  a quart,  and  a pound. 

(1)  Linear  Measure 

12  inches  = 1 foot 

3 feet  = 1 yard 

36  inches  = 1 yard 

Have  the  children  use  their  rules  to  measure  the 
height  of  their  desks,  chairs,  blackboard,  and  the 
length  and  breadth  of  their  room. 

Find  out  how  long  the  room  is  in  yards.  Use  a yard- 
stick to  check  their  results.  Estimate  and  check  by 
measuring. 

Problems 

Are  you  3 feet  high? 

How  much  taller  is  James  than  Mary? 

How  long  is  your  book?  Measure  it.  How  wide? 

Is  14  inches  shorter  than  a foot? 

Is  5 feet  shorter  than  1 yard? 

Is  your  pencil  longer  than  a foot? 

Is  30  ft.  farther  than  28  ft.? 

Is  30  ft.  longer  than  28  ft.? 

Is  14  ft.  higher  than  10  ft.? 

Is  16  yds.  less  than  14  yds.? 

8 yds.  are less  than  12  yds. 

7 yds.  are more  than  3 yds. 

Draw  a line  6 inches  long.  Measure  it.  See  how 
long  it  is. 


71 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


(2)  Liquid  Measure 

Have  a pint,  quart,  and  gallon  container.  Use  water 
to  measure.  Show  the  child  how  much  each  holds. 

% pint  = 1 glassful 

1 pint  - - 2 glassfuls 

1 quart  = 2 pints 

1 gallon  = 4 quarts 

Problems 

Mary  drinks  a quart  of  milk  a day.  How  many 
pints  does  she  drink?  How  many  glassfuls? 

A quart  is pints. 

A pint  is glassfuls. 

May  had  a quart  of  milk.  She  spilled  half  of  it. 
How  many  glassfuls  did  she  have  left? 

(3)  Dry  Measure 

Review  the  dozen  and  half  dozen.  List  the  things 
we  buy  by  the  dozen. 

Review  the  pound,  peck  and  bushel. 

4 pecks  equal  1 bushel. 

List  the  things  we  buy  by  the  peck,  bushel. 
Problems 

Jane  weighs  46  pounds.  Junior  weighs  34  pounds. 
How  much  more  does  Jane  weigh  than  Junior? 

Bill  bought  1 bushel  of  apples.  How  many  pecks 
did  he  buy? 

(4)  Money 

Recognize  all  the  coins  to  one  dollar  and  make 
change. 

(5)  Time 
Calendar 

Teach  the  child  to  read  the  calendar. 

Have  the  children  copy  the  calendar  for  the  cur- 
rent month.  Show  them  how  to  know  the  days  the 
month  begins  and  ends. 

Exercises 

The  name  of  the  first  month  is 

The  name  of  the  last  month  is 

Today’s  date  is 

Draw  a ring  around  all  the  Sundays  on  your 
calendar. 

The  date  of  Christmas  is 

Show  me  your  birthday. 
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Telling  time 

Find  needs  for  telling  time. 

History  of  telling  time 

Make  a clock  face  to  show  the  time  we  do  various 
things  during  the  day. 

Get  watch  faces  from  magazines  and  tell  the  time 
they  indicate. 

Teach  the  history  of  the  Roman  numerals. 

Have  the  children  make  clock  faces. 

Henry  goes  to  bed  at  8 o’clock. 

The  long  hand  of  the  clock  points  to 

The  short  hand  of  the  clock  points  to 


d.  Fractions 

Learn  the  meaning  as  needed 

(1)  One-half 

Cut  a paper,  apple,  or  an  orange  into  two  equal  parts. 
Be  sure  they  are  equal.  Two  halves  make  a whole. 

(2)  One-fourth 

Cut  a piece  of  paper,  an  apple,  or  an  orange  into 
four  equal  parts.  Show  2 fourths  equal  1 half;  4 
fourths  equal  1 whole. 

Problems 

Which  would  you  rather  have,  one-half  of  an  apple, 
or  one-fourth  of  an  apple? 

Which  is  more,  one-half  of  an  apple,  or  three- 
fourth  of  an  apple? 

3.  Evidences  of  growth 

a.  Ability  to  count  by  l’s,  2’s,  3’s,  5’s,  and  10’s 

b.  Ability  to  read  and  write  the  numbers  to  1000 

c.  Ability  to  give  the  hundred  addition  and  subtraction  com- 
binations automatically 

d.  Ability  to  add  by  endings  with  carrying 

e.  Ability  to  add  double  column  addition 

f.  Ability  to  subtract  two  figure  numbers  with  borrowing 

g.  Ability  to  check  answers 

h.  Ability  to  use  the  liquid,  linear,  and  dry  measure  specified 
in  the  grade 

i.  Ability  to  read  a calendar  and  to  tell  time 

j.  Ability  to  make  change  to  one  dollar 
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C.  THIRD  GRADE 

1.  Scope  of  skills  and  abilities 

a.  Reading  and  writing  numbers 

(1)  Skills  and  abilities  listed  for  previous  grades 

(2)  Hindu-Arabic 
From  1,000  to  10,000 

Denominated  numbers 
House  numbers 
Telephone  numbers 

(3)  United  States  money  from  $10.00  to  $100.00 

(4)  Roman  numerals  to  30  and  beyond 

b.  Fundamental  operations 

(1)  Addition 
Vocabulary 

Skills  and  abilities  listed  for  previous  grades 
Higher  decade  facts 
Without  carrying 
With  carrying 

( 2 ) Subtraction 
Vocabulary 

Skills  and  abilities  listed  for  previous  grades 
Subtracting  three-and  four-place  numbers  from  three- 
and  four-place  numbers;  involving  borrowing 
From  tens  place 
From  hundreds  place 
From  tens  and  hundreds  places 
With  zeros 

(3)  Multiplication 
Vocabulary 

With  combinations  having  products  0 to  10 
With  combinations  having  products  11  to  30 
With  combinations  having  products  31  to  50;  with  carry- 
‘ ing 

With  combinations  having  products  51  to  81;  with  carry- 
ing 

Two-place  multiplier 

(4)  Easy  division:  no  carrying,  no  remainder;  dividends 

limited  to  three-place  numbers;  divisors,  2 to  9 inclusive 
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Vocabulary 

Combinations  with  dividends  0 to  10 
Combinations  with  dividends  11  to  30 
Basic  combinations;  dividends  31  to  50 
Basic  combinations;  dividends  51  to  81 
Easy  division  with  zeros 

c.  Fractions 

Meaning  of  1/2,  1/3,  1/4,  1/5,  1/6,  1/7,  1/8,  and  1/9 
Others  if  needed 

d.  Denominate  numbers 

(1)  Linear  measure — inch,  foot,  yard 

(2)  Drawing  rectangles  to  a scale  of  1/2  inch  to  a foot 

(3)  Measure  of  weights — pound,  ounce 

(4)  Liquid  measure — gallon,  quart,  pint 

(5)  Time  and  time  table 

(6)  Reading  dates 

e.  Problem  solving 

(1)  Designating  the  process 

(2)  Formulating  the  question 

(3)  Writing  out  and  solving  problems  which,  arise  in  the 
classroom 

(4)  One-step  problems 

(5)  Two-step  problems 

2.  Suggested  topics  and  procedures 
a.  Reading  and  writing  numbers 

(1)  Pre-instructional  test  on  skills  and  abilities  listed  for 
previous  grades.  Teach  those  not  known. 

(2)  Hindu-Arabic 
From  1,000  to  10,000 

Much  practice  in  using  these  numbers  in  conversation 
and  in  reading  should,  in  general,  precede  the  writing  of 
them.  Often  there  are  real  reasons  for  saying  and  read- 
ing four-place  numbers  in  connection  with  classroom 
problems  and  activities.  These  numbers  may  represent 
populations  of  towns,  costs  of  automobiles,  bushels  of 
grain,  gallons  of  oil,  railroad  cars  loaded  per  day,  ad- 
dresses, telephone  numbers,  and  the  like. 

Some  children  will  learn  to  write  these  numbers  suffi- 
ciently well  as  they  use  them  in  their  creative  writing. 
Others  should  practice  writing  them  from  dictation  inso- 
far as  such  practice  is  needed  by  them. 


75 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


Denominated  numbers 

The  way  we  read  a number  orally  depends  on  its  use. 
For  instance,  if  456  is  denominated  (used  in  connection 
with  bushels,  dollars,  yards,  etc.)  we  read  it  “Four  hun- 
dred fifty-six.”  The  word  “and”  is  not  used  in  reading 
whole  numbers.  This  same  method  applies  to  the  read- 
ing of  numbers  in  isolation,  as  456. 

House  numbers 

If  456  is  a house  number,  we  read  it  “Four  fifty-six.” 
In  an  address  such  as  970  Rose  Street,  one  does  not  say, 
“Nine  hundred  seventy  Rose  Street.”  More  frequently, 
he  says,  “Nine  seventy  Rose  Street.”  And  instead  of 
reading  2344  Broad  Street,  “Two  thousand  three  hundred 
forty-four  Broad  Street,”  one  says,  “Twenty-three  forty- 
four  Broad  Street.” 

Telephone  numbers 

Telephone  numbers  are  read  differently  from  house 
numbers,  numbers  of  bushels,  number  of  feet,  or  numbers 
that  are  not  denominated.  For  example,  456  is  read, 
“Four,  five,  six.”  In  reading  telephone  numbers  orally, 
words  or  sounds  that  are  easiest  for  the  operator  to 
understand  are  used.  Mayflower  0200-J  is  “Mayflower 
oh-two  hundred-J”;  Sterling  7000  is  “Sterling  seven 
thousand”;  Walnut  7321  is  “Walnut  seven  three  two 
one”;  Hiland  4009  is  “Hiland  four  oh  oh  nine.” 

(3)  United  States  money  from  $10.00  to  $100.00 

Learning  how  to  use  the  dollar  sign  and  decimal  point 
will  be  new  to  many  children.  Develop  the  habit  of 
filling  in  the  cent  places  with  zeros  if  the  sum  is  in  even 
dollars  such  as  $9.00  or  $25.00. 

(4)  Roman  numerals 

Provide  practice  in  writing  numerals  to  XXX  for  those 
children  who  need  it. 

b.  Fundamental  operations 
(1)  Addition 

Vocabulary 


add 

total 

amount  to  be  paid 

plus 

column 

amount  of  bill 

sum 

carrying 

increased  cost 
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Ways  of  indicating  addition 

Find  the  sum  of  4332,  9,  86,  and  513 
Add  4332,  9,  86,  and  513 
4332  +9+86+513 

Add  4332 
9 
86 
513 


Test  and  practice:  skills  and  abilities  listed  for  previ- 
ous grades 

The  100  basic  combinations 
Higher  decade  facts 

Recent  textbooks  and  books  on  teaching  arithmetic 
are  recommending  that  more  emphasis  be  given  to 
higher  decade  addition  because  of  the  difficulties  con- 
tained therein  and  because  of  its  wide  usage  in  more 
complicated  problems  which  are  to  follow. 

Without  carrying 

Practice  Material 

To  each  of  the  numbers  under  A,  add  each  of  the 
numbers  that  is  in  the  same  horizontal  line. 

A B 


10,  20,  30 

1, 

2,  3, 

4, 

5, 

6, 

7, 

8,  9 

11,  21,  31 

1, 

2,  3, 

4, 

5, 

6, 

7, 

8 

12,  22,  32 

1, 

2,  3, 

4, 

5, 

6, 

7 

13,  23,  33 

1, 

2,  3, 

4, 

5, 

6 

14,  24,  34 

1, 

2,  3, 

4, 

5 

15,  25,  35 

1, 

2,  3, 

4 

16,  26,  36 

1, 

2,  3 

17,  27,  37 

1, 

2 

18,  28,  38 

1 

With  carrying 

There  are  90  higher  decade  facts  with  carrying  whose 
sums  do  not  exceed  39.  These  are  prerequisite  to 
column  addition. 

Practice  Material 

To  each  of  the  numbers  under  A,  add  each  of  the 
numbers  under  B that  is  in  the  same  straight  line. 
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A 


B 


19,  29 
18,  28 
17,  27 
16,  26 
15,  25 
14,  24 
13,  23 
12,  22 
11,  21 


1,  2,  3,  4,  5,  6,  7,  8,  9 

2,  3,  4,  5,  6,  7,  8,  9 

3,  4,  5,  6,  7,  8,  9 
4,  5,  6,  7,  8,  9 

5,  6,  7,  8,  9 

6,  7,  8,  9 
7,  8,  9 
8,  9 
9 


The  pupils  should  be  tested  on  these  combinations 
from  time  to  time.  Either  the  dictation  or  a mimeo- 
graphed test  may  be  used  but  the  former  is  recom- 
mended by  some  teachers.  In  either  case,  to  make  a 
chart  of  class  and  individual  errors  is  desirable. 


Bridging4  Combinations 
11  to  24 


14 

and 

6 

14 

and 

7 

18 

and 

5 

18 

and 

3 

15 

and 

5 

19 

and 

4 

13 

and 

9 

17 

and 

7 

17 

and 

5 

15 

and 

6 

19 

and 

3 

16 

and 

6 

15 

and 

9 

19 

and 

2 

19 

and 

1 

16 

and 

7 

17 

and 

3 

13 

and 

7 

12 

and 

8 

18 

and 

6 

13 

and 

8 

15 

and 

7 

17 

and 

4 

16 

and 

5 

14 

and 

8 

15 

and 

8 

14 

and 

9 

18 

and 

2 

17 

and 

6 

19 

and 

5 

18 

and 

4 

12 

and 

9 

11 

and 

9 

16 

and 

8 

16 

and 

4 

25  to  39 

29 

and 

3 

24 

and 

9 

25 

and 

6 

24 

and 

6 

23 

and 

7 

29 

and 

5 

26 

and 

8 

27 

and 

6 

26 

and 

9 

25 

and 

7 

28 

and 

7 

18 

and 

8 

22 

and 

8 

29 

and 

4 

25 

and 

8 

27 

and 

7 

29 

and 

9 

25 

and 

5 

26 

and 

8 

28 

and 

4 

19 

and 

6 

21 

and 

9 

28 

and 

7 

24 

and 

7 

23 

and 

9 

29 

and 

8 

25 

and 

8 

28 

and 

6 

28 

and 

8 

29 

and 

6 

19 

and 

9 

27 

and 

5 

19 

and 

7 

17 

and 

8 

28 

and 

9 

19 

and 

8 

17 

and 

9 

27 

and 

4 

29 

and 

2 

29 

and 

1 

26 

and 

4 

16 

and 

9 

26 

and 

7 

27 

and 

9 

28 

and 

2 

25 

and 

9 

28 

and 

3 

27 

and 

3 

22 

and 

9 

18 

and 

9 

28 

and 

5 

27 

and 

8 

18 

and 

7 

4 Bridging  means  to  pass  from  one  decade  to  another,  i.e.,  a number  in  the  teens  plus 
a one-place  number  gives  a sum  in  the  twenties,  or  a number  in  the  twenties  gives  a sum 
in  the  thirties,  etc. 
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Column  addition:  including  4 three-place  numbers 

Write  numbers  in  straight  columns. 

Add  the  number  carried  at  the  beginning  of  the  next 
column. 

Check  the  answer  by  adding  in  the  opposite  direction. 
Carrying  from  units  column 

The  Brown  family  decided  to  take  an  automobile 
trip  to  see  Grandmother  Brown.  The  first  day  they 
drove  325  miles;  the  second  day,  216  miles;  the  third, 
107  miles;  and  the  fourth  day,  329  miles.  How 
many  miles  did  they  travel  in  the  four  days? 

Add  Down  To  Check  Add  up 

325  mi.  Think  11,  18,  27  16,22,27.  Write  7 

216  mi.  Write  7,  carry  2 4,  5,  7.  Write  7 

107  mi.  Think  4,  5,  7.  Write  7 4,  6,  9.  Write  9 

329  mi.  Think  5,  6,  9.  Write  9 

977  mi. 


Practice  material: 


427 

726 

579 

928 

305 

907 

608 

632 

324 

603 

134 

766 

525 

729 

705 

803 

815 

615 

508 

453 

844 

122 

245 

700 

307 

213 

607 

406 

Carrying  from  tens  column 


John’s  father  has  a filling  station 

with 

4 tanks. 

One  day  he  sold  these  amounts  of  gasoline: 

172  gal.,  265  gal.,  300  gal., 

and  651  gal.  What  were 

his  total  sales? 

Check 

172  gal.  Think  7,  8.  Write  8 

6, 

8 

265  gal.  Think  13,  18.  Write  8,  carry  1 11, 

18 

300  gal. 

7, 10,  12,  13 

651  gal.  Think  2,  4,  7,  13. 

Write  13 

1,388  gal. 

Practice  material: 

560  846  965  273 

255 

592 

842 

325  400  230  481 

790 

696 

592 

741  833  742  962 

732 

940 

360 

273  680  521  570 

171 

761 

875 
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Carrying  from  both  units  and  tens  columns 

Mary  read  four  books  in  third  grade.  One  reader 
had  149  pages;  the  second  reader  had  234  pages;  the 
third  one  105  pages;  and  the  fourth  had  275  pages. 
How  many  pages  had  she  read? 

Check 

149  pages  13,  18,  23  10,  14,  23 

234  pages  6,  9,  16  9,  12,  16 

105  pages  2,  4,  5,  7 3,  4,  6,  7 

275  pages 

763  pages 


Practice  material: 


254 

483 

976 

869 

794 

586 

938 

765 

906 

485 

587 

569 

677 

494 

227 

734 

269 

664 

858 

869 

768 

813 

125 

315 

153 

686 

528 

603 

Broken  column  addition 


An  airplane  traveled  as  follows:  The  first  hour, 
126  miles;  the  second  hour,  98  miles;  the  third  hour, 
118  miles;  and  the  fourth,  89  miles.  How  far  did  the 


plane 

travel? 

Check 

126 

miles 

14,  22, 

31 

17, 

25,  31 

98 

miles 

5,  14, 

15,  23 

11, 

12,  21 

118 

miles 

3,  4 

89 

miles 

3, 

4 

431 

miles 

Rev 

u-ite  and  add 

396 

965 

738 

615 

268 

196 

9 

23 

15 

29 

73 

9 

8 

42 

9 

328 

189 

73 

24 

156 

297 

8 

53 

234 

United  States  money 

Helen  received  a new  bank  as  a birthday  present. 
She  saved  money  every  week.  The  first  week  she  put 
into  her  bank  $2.20;  the  second,  $.84;  the  third,  $1.45 
and  the  fourth,  $.38.  How  much  money  did  she  have 
in  her  bank  at  the  end  of  four  weeks? 
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Check 


$2.20 

9, 

17 

13,  17 

.84 

3, 

11,  15, 

18 

4,  8, 

16,  18 

1.45 

3, 

4 

2,  4 

.38 

$4.87 

Practice 

material 

; 

$4.59 

$2.98 

$5.49 

$ .50 

$3.87 

$6.82 

.08 

.76 

3.62 

4.98 

5.43 

.07 

.76 

3.15 

.75 

.26 

.59 

.03 

3.54 

.09 

.15 

10.55 

.76 

2.93 

(2)  Subtraction 
Vocabulary 

subtract  minus 

difference  minuend 

remainder  subtrahend 

Ways  of  stating  subtraction: 

From  719  subtract  456 
Subtract  456  from  719 
Find  the  difference  between  456  and  719 
719  — 456  = 

Subtract  719 
456 

Pre-instructional  tests 

Tests  and  practice  on  fundamental  facts 
Subtraction  exercises  without  zero  difficulties 


Sample  Test 
Subtract 


785 

865 

579 

899 

9897 

7528 

234 

132 

435 

817 

6327 

5112 

992 

983 

565 

674 

856 

741 

392 

635 

427 

138 

546 

719 

312 

153 

— 

— 

— 

— 

— 

— 

— 

427 

632 

756 

874 

563 

215 

989 

234 

441 

365 

682 

173 

132 

597 

— 

— 

— 

— 

— 

— 

— 

less  than 
still  owe 
change  received 
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Subtracting  three-and  four-place  numbers  from  three- 
and  four-place  numbers;  involving  borrowing.5 

Borrowing  from  tens  place 

Mary’s  father  placed  347  chicken  eggs  in  his  incu- 
bator. At  the  end  of  three  weeks,  229  chicks  hatched 
from  the  eggs.  How  many  eggs  did  not  hatch? 


First 

way 

Second  way 

347 

eggs 

Think  9 

from 

17 

Think  9 

from  17 

229 

eggs 

Write  8 

Write  8 

118 

eggs 

Think  2 

from 

3 

Think  3 

from  4 

Write  1 

Write  1 

Think  2 

from 

3 

Think  2 

from  3 

Write  1 

Write  1 

Practice  material 

426 

753 

4236 

3794 

675 

861 

218 

336 

2117 

2568 

449 

632 

Bororwing  from  hundreds  place 

In  a large  school,  there  are  152  boys  in  the  fifth 
grade  and  219  boys  in  the  third  grade.  How  many 
more  are  there  in  the  third  than  in  the  fifth  grade? 

219  boys  Think  2 from  9 Write  7 

152  boys  Think  5 from  11  Write  6 

67  boys  Think  1 from  1,  or  answer  0;  not  written 

Practice  material 

869  738  8367  4736  485  673  952 

472  645  7196  2355  294  381  562 


Bororwing  from  tens  and  hundreds  places 

May’s  father  took  her  on  an  automobile  trip  to 
Chicago,  which  is  525  miles  from  their  home.  At 
the  end  of  the  first  day  they  had  driven  227  miles. 
How  much  farther  did  they  have  to  go? 

525  miles  7 from  15  Write  8 

227  miles  2 from  11  Write  9 

298  miles  2 from  4 Write  2 


5 Follow  method  used  in  the  textbook. 
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Practice  material 

753  924  6415  3927  546  662  931 

499  357  4367  3769  348  284  532 


With  zeros 
In  units  place 

There  are  250  pages  in  the  book  Jane  is  reading. 
If  she  has  read  145  pages,  how  many  pages  are 
left  to  read? 


250  pages 

5 from  10 

Write  5 

145  pages 

4 from  4 

Write  0 

105  pages 

1 from  2 

Write  1 

Practice  material 

490  260 

780  950 

830  4570 

7340 

281  247 

438  546 

612  329 

2123 

In  tens  place 

If  it  is  308  miles  from  Pittsburgh  to  Reading, 
how  far  does  Jack  have  to  go  after  reaching  Milan, 
167  miles  from  Pittsburgh? 


308  miles 

7 

from  8 

Write  1 

167  miles 

6 

from  10 

Write  4 

141  miles 

1 

from  2 

Write  1 

Practice  material 

906  305 

508 

604 

803 

7207 

4309 

342  213 

454 

583 

671 

35 

2268 

In  both  places 

An  auditorium  has  900  seats.  Bill  wanted  to 
know  how  many  people  attended  the  play  he  was 
in.  He  counted  78  vacant  seats.  How  many  peo- 
ple saw  the  play? 

900  seats  8 from  10  Write  2 

78  seats  7 from  9 or  8 from  10  Write  2 

822  seats  0 from  8 or  1 from  9 Write  8 

Practice  material 

800  400  5100  6000  $5.00  $1.00  $8.00 

257  329  247  38  3.65  .56  7.73 
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(3)  Multiplication 
Vocabulary 

multiplication  multiplier  product 

multiply  times  partial  product 

Ways  of  stating  multiplication 
Multiply  256  by  6 
6 times  256  = ? 

Multiply  256 
6 


With  combinations  having  products  0 to  10 

John  sells  newspapers  every  day  at  2 $ each.  How 
many  cents  does  he  get  for  2 papers? 

1 paper  2$  2tf  2$  2$  2$ 

2^  2<l  2$  2 $ 

2 papers  4^  2^  2$  2$ 

3 papers  6^  2^  2$ 

4 papers  2 $ 

5  papers  10^ 

Look  at  the  table  and  tell  how  much  3 papers  cost. 
How  much  do  5 papers  cost? 

Look  at  the  table  and  tell  the  cost  of  2 two-cent 
stamps,  of  4,  of  3. 

At  2^  each  find  the  cost  of: 

5 stamps  3 papers  5 shooters 

2 pencils  4 balls  4 pads 

Have  the  child  see  it  is  a quick  way  to  count  saying, 
“Five  2s  are  10.”  Multiply  2 by  5. 

Teach  the  sign  x. 

Products  of  10  or  less 

23252423 

22325243 

4 6 6 10  10  8 8 9 

13  16  17  18 

3 16  17  18  1 

33667788 
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1 4 

4 1 

4 4 

1 5 

5 1 

5 5 

1 0 
0 1 


1 9 1 10  1 

9 1 10  1 1 

9 9 10  10  1 

1 2 

2 1 

2 2 


5 

0 


0 

5 


3 

0 


0 

3 


4 

0 


0 

4 


2 

0 


0 

2 


6090  10  008070 

06090  10  00807 


Have  much  drill  and  practice 

Teach  the  examples  in  this  form: 

2X5  equals  ? 5X2  equals  ? 

2X3  equals  ? 3X2  equals  ? 

Practice  material:  concrete  problems 

It  takes  2 slices  of  bread  to  make  a sandwich. 
How  many  slices  will  be  needed  to  make  one  sand- 
wich for  each  of  234  pupils  at  the  school  picnic? 

Practice  material  without  zero 
243  312  121  211  324  333 

2 2 4 5 2 3 


Practice  material  with  zero 
430  201  320  101  100  100 

2 4 3 9 7 4 

United  States  money 

$.43  $.05  $3.20  $2.01  $1.20 

2 2 3 5 4 


With  combinations  having  products  11  to  30 
Products  11  to  30 

643272538 

234627352 

12  12  ' 12  12  14  14  15  15  16 


4 

4 

16 
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2 9 

6 3 2 

5 4 

7 3 8 

8 2 

3 6 9 

4 5 

3 7 3 

16  18  ’ 

18  18  18 

20  20 

21  2?  24 

6 4 

3 5 9 

3 7 

4 6 5 

4 6 

8 5 3 

9 4 

7 5 6 

24  24 

24  25  27 

27  28 

28  30  30 

Decade  addition  prerequisite  to  carrying 

12  + 1 

16  + 1 

21  + 1 

27  + 1 

12  + 2 

16  + 2 

21+2 

27  + 2 

12  + 3 

18  + 1 

24  + 1 

28  + 1 

14  + 1 

18  + 2 

24  + 2 

28  + 2 

14  + 2 

18  + 3 

24  + 3 

30  + 1 

15  + 1 

20  + 1 

25  + 1 

30  + 2 

15  + 2 

20  + 2 

25  + 2 

30  + 3 

15  + 3 

20  + 3 

25  + 3 

Practice  material  prerequisite  to  carrying 

2X6+1 

3X5  + 1 

7X3  + 1 

5X5  + 1 

6X2+1 

5X3  + 1 

3X7  + 1 

5X5  + 2 

6X2  + 2 

5X3  + 2 

3X7  + 2 

5X5  + 3 

6X2  + 3 

5X3  + 3 

3X9  + 2 

6X5+1 

3X4  + 1 

8X2  + 1 

9X3  + 2 

5X6+1 

4X3  + 1 

2X8  + 1 

5X4  + 1 

5X6  + 2 

4X3  + 2 

8X2  + 2 

4X5  + 1 

6X5  + 2 

3X4  + 2 

4X4  + 2 

5X4  + 2 

3X8+1 

2X7  + 1 

6X3  + 1 

4X5  + 2 

8X3  + 1 

7X2  + 1 

3X6  + 2 

4X7  + 1 

8X3  + 2 

2X9  + 1 

6X3  + 3 

7X4  + 1 

3X8  + 2 

9X2+1 

7X4  + 2 

6X5  + 3 

9X2  + 2 

4X7  + 2 

5X6  + 3 

6X4  + 3 

Multiplication  with  carrying 
From  units  place 

An  ice  cream  man  sold  348  dishes  of  ice  cream 
one  day,  and  he  sold  twice  as  many  cones  today. 
How  many  cones  did  he  sell  today? 


348 

Two  8’s 

are 

16 

Write  6,  carry  1 

2 

Two  4’s 

are 

8 + 1 - 

= 9 Write  9 

696 

Two  3’s 

are 

6 

129 

217 

539 

215 

214  316 

3 

4 

2 

6 

7 5 
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From  tens  place 

Oranges  cost  3^  apiece.  At  this  rate,  what  will  a 
crate  of  oranges  cost  if  there  are  142  in  a crate? 


142 

Three 

2’s  are 

6 

Write  6 

.03 

Three  4’s  are 

12 

Write  2,  carry  1 

$4.26 

Three 

l’s  +1 

are  4 

Write  4 

293 

161 

472 

183 

231  351 

2 

5 

4 

3 

7 6 

From  units  and  tens  places 

How  many  wheels  a day  does  the  Ford  factory  use 
to  produce  267  cars? 

267  Four  7’s  are  28  Write  8,  carry  2 

4 Four  6’s  + 2 are  26  Write  6,  carry  2 

1068  Four  2’s  -f-  2 are  10  Write  10 


Practice  material 

696  423  356 

223 

764 

452 

2 7 5 

9 

4 

6 

With  zeros 

Grace  lives  205  miles  from  her  grandmother’s.  Her 
mother  says  that  it  is  5 times  as  far  to  Uncle 
George’s.  How  many  miles  is  it  from  Grace’s  home 
to  Uncle  George’s? 

205  Five  5’s  are  25  Write  5,  carry  2 

5 Five  0’s  -f-  2 are  2 Write  2 

1025  Five  2’s  are  10  Write  10 

Practice  material 

203  150  403  680  207  304 

9 6 7 3 4 8 

United  States  money 

Practice  material 

$.23  $2.90  $4.65  $1.32  $3.04 

8 3 5 9 7 
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With  combinations  having  products  31  to  50;  with 
carrying 

Products  31  to  50 


8 4 

7 5 9 

6 4 

8 5 

4 8 

5 7 4 

6 9 

5 8 

32  32 

35  35  36 

36  36 

40  40 

7 

6 9 5 

8 6 

7 

6 

7 5 9 

6 8 

7 

42 

42  45  45 

48  48 

49 

Decade  addition  prerequisite  to  carrying 

32  + 1 

36+  1 

42+  1 

48  + 1 

32  + 2 

36  + 2 

42  + 2 

48  + 2 

32  + 3 

36  + 3 

42  + 3 

48  + 3 

32  + 4 

36  + 4 

42  + 4 

48  + 4 

35  + 1 

40  + 1 

45  + 1 

49  + 2 

35  + 2 

40  + 2 

45  + 2 

49  + 3 

35  + 3 

40  + 3 

45  + 3 

49  + 4 

35  + 4 

40  + 4 

45  + 4 

Practice  material  prerequisite  to  carrying 

4X8+1 

5X8  + 1 

6X8+1 

7X7  + 1 

8X4  + 1 

8X5  + 1 

8X6  + 1 

7X7  + 2 

4X8  + 2 

5X8  + 2 

6X8  + 2 

7X7  + 3 

8X4  + 2 

8X5  + 2 

8X6  + 2 

7X7  + 4 

4X8  + 3 

5X8  + 3 

6X8  + 3 

8X4  + 3 

8X5  + 3 

8X6  + 3 

8X4  + 4 

5X8  + 4 

8X6  + 4 

8X5  + 4 

6X8  + 4 

4X9  + 1 

5X9  + 1 

6X6  + 1 

9X4+1 

9X5  + 1 

6X6  + 2 

4X9  + 2 

5X9  + 2 

6X6  + 3 

9X4  + 2 

9X5  + 2 

6X6  + 4 

4X9  + 3 

5X9  + 3 

9X4  + 3 

9X5  + 3 

9X4  + 4 

5X9  + 4 
9X5  + 4 

5X7  + 1 

6X7  + 1 

7X5  + 1 

7X6+1 

5X7  + 2 

6X7  + 2 

7X5  + 2 

7X6  + 2 
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Practice  material  prerequisite  to  carrying 


5X7  + 3 
7X5  + 3 
5X7  + 4 
7X5  + 4 


6X7  + 3 
7X6  + 3 
6X7  + 4 
7X6  + 4 


Multiplication  with  carrying 
From  units  place 

An  airplane  flew  116  miles  per  hour  for  6 hours. 
How  many  miles  did  it  fly? 


116 

Six  6’s 

are 

36 

Write  6,  carry  3 

6 

Six 

l’s 

are 

6 + 3 

are  9 Write  9 

696 

Six 

l’s 

are 

6 

816 

617 

819 

918 

719  718 

6 

5 

4 

4 

5 5 

From  tens  place 

The  Normandie  ran  781  miles  one  day  during  her 
maiden  voyage.  At  this  rate  how  far  can  she  go  in 
5 days? 

781  Five  l’s  are  5 Write  5 

5 Five  8’s  are  40  Write  0,  carry  4 

3905  Five  7’s  are  35  + 4 are  39  Write  39 

892  671  781  561  451  641 

4 6 5 7 9 8 


From  both  places 

A school  cafeteria  makes  lunches  for  978  pupils 
each  day.  How  many  lunches  does  it  prepare  in  a 
week? 

978  Five  8’s  are  40  Write  0,  carry  4 

5 Five  7’s  + 4 are  39.  Write  9,  carry  3 

4890  lunches  Five  9’s  + 3 are  48  Write  48 

989  879  768  657  454 

4 5 6 7 9 


89 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


With  zeros 

A farmer  raised  406  bushels  of  wheat  a year.  At 
this  rate  how  many  bushels  will  he  raise  in  8 years? 


406  Eight  6’s  are  48 
8 Eight  0’s  + 4 are  4 

3248  bu.  Eight  4’s  are  32 


Write  8,  carry  4 
Write  4 

Write  32 


809  760  807  450  604 

4 7 5 9 8 


United  States  money 

Each  of  eight  boys  paid  $4.50  for  a ticket  to  a 
scout  camp.  How  much  did  they  pay  altogether? 


$4.50 

Eight  0’s  are  0 

Write  0 

8 

Eight  5’s  are  40 

Write  0, 

carry  4 

$36.00 

Eight  4’s  + 4 are  36 

Write  36 

$.98 

$.75  $4.45  $5.05 

$6.86 

$6.05 

5 

7 8 9 

6 

8 

With  combinations  having  products  51  to  81;  with 
carrying 

Products  51  to  81 


9 

9 

6 

8 

7 

9 

7 

8 

8 

9 

6 

9 

7 

9 

8 

8 

8 

9 

81 

54 

54 

56 

63 

72 

56 

64 

72 

Decade  addition 

i,  prerequisite  to 

carrying 

54 

+ 

1 

56 

+ 4 

64  + 

1 

72 

+ 

6 

54 

+ 

2 

56 

+ 5 

64  + 

2 

72 

+ 

7 

54 

+ 

3 

56 

+ 6 

64  + 

3 

72 

+ 

8 

54 

+ 

4 

56 

+ 7 

64  + 

4 

81 

+ 

1 

54 

+ 

5 

63 

+ 1 

64  + 

5 

81 

+ 

2 

54 

+ 

6 

63 

+ 2 

64  + 

6 

81 

+ 

3 

54 

+ 

7 

63 

+ 3 

64  + 

7 

81 

+ 

4 

54 

+ 

8 

63 

+ 4 

72  + 

1 

81 

+ 

5 

56 

+ 

1 

63 

+ 5 

72  + 

2 

81 

+ 

6 

56 

+ 

2 

63 

+ 6 

72  + 

3 

81 

+ 

7 

56 

+ 

3 

63 

+ 7 

72  + 

4 

81 

+ 

8 

63 

+ 8 

72  + 

5 
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Practice  material,  prerequisite  to  carrying 


6 X 

9 + 1 

9 

X 6 

+ 

1 

7 

X 

8 

+ 

1 

8 

X 

7 

+ 

1 

6 X 

9 + 2 

9 

X 6 

+ 

2 

7 

X 

8 

+ 

2 

8 

X 

7 

+ 

2 

6 X 

9 + 3 

9 

X 6 

+ 

3 

7 

X 

8 

+ 

3 

8 

X 

7 

+ 

3 

6X 

9 + 4 

9 

X 6 

+ 

4 

7 

X 

8 

+ 

4 

8 

X 

7 

+ 

4 

6 X 

9 + 5 

9 

X 6 

+ 

5 

7 

X 

8 

+ 

5 

8 

X 

7 

+ 

5 

9 

X 6 

+ 

6 

7 

X 

8 

+ 

6 

8 

X 

7 

+ 

6 

9 

X 6 

+ 

7 

8 

X 

7 

+ 

7 

9 

X 6 

+ 

8 

8 X 

9 + 1 

9 

X 8 

+ 

1 

9 

X 

9 

+ 

1 

8 X 

9 + 2 

9 

X 8 

+ 

2 

9 

X 

9 

+ 

2 

8 X 

9 + 3 

9 

X 8 

+ 

3 

9 

X 

9 

+ 

3 

8 X 

9 + 4 

9 

X 8 

+ 

4 

9 

X 

9 

+ 

4 

8 X 

9 + 5 

9 

X 8 

+ 

5 

9 

X 

9 

+ 

5 

8 X 

9 + 6 

9 

X 8 

+ 

6 

9 

X 

9 

+ 

6 

8 X 

9 + 7 

9 

X 8 

+ 

7 

9 

X 

9 

+ 

7 

9 

X 8 

+ 

8 

9 

X 

9 

+ 

8 

Multiplication  with 

carrying 

99 

66 

89 

798 

987 

678 

6 

9 

7 

8 

9 

9 

Two-place  multiplier 
Multiplying  by  10 


Write  the 

answers  for: 

10X1 

10X4 

10  X 7 

10  X 10 

10  x 2 

10  X 5 

10X8 

10  X 11 

10X3 

10X6 

10X9 

10  X 12 

Question:  What  is  done  when  10  times  a number 
is  found? 

Answer:  To  find  10  times  a number  place  a zero 

after  the  number. 

Practice  material 


23  70  205 

750 

400 

230 

10  10  10 

10 

10 

10 

230  700  2050 

7500 

4000 

2300 

Multiplying  by  20,  30,  40,  50,  60, 

70,  80, 

and 

90 

Practice  Material 

34  30  65  78 

92 

83 

17 

36 

20  30  40  50 

60 

90 

80 

70 

680  900  2600  3900 

5520  7470  1360 

2520 
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rwo-digit  multiplier  without  zero 
Habits  to  develop: 

Begin  with  the  right  hand  figure  of  the  multiplier. 
Keep  columns  straight. 

Check  by  re-multiplying. 

There  are  76  pints  of  milk  distributed  in  our  school 
each  day.  How  many  pints  are  distributed  in  15 
days? 

76  5 X 76  = 380,  a partial  product 

15  1 X 76=  76,  a partial  product 

380 

76 

1140  pints 
Multiply 


43 

67 

89 

57 

79 

96 

34 

23 

41 

34 

17 

68 

75 

89 

86 

736 

340 

850 

909 

57 

25 

73 

48 

96 

$.79 

$.92 

$2.50 

$7.09 

$6.05 

16 

34 

27 

89 

59 

(4)  Easy  division:  no  carrying;  no  remainder;  limited  to 
three-place  numbers;  divisors,  2 to  9 inclusive.  (Long 
division  method  used.) 


Vocabulary 

dividend 
divisor 
quotient 
divided  by 


(Teach  as  needed) 

division  sign 
cost  of  one 

number  bought  or  sold 
average  price,  average  weight,  etc. 


Ways  of  stating  division 
49  -f-  7 There  are 7’s  in  49 

7)49  1/7  of  49 

49  _ 

7 ~ 
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Combinations  with  dividends  0 to  10 
Basic  combinations6 

1)0  2)0  3)0  4)0  5)0  6)0  7)0  8)0  9)0 

_1  _2  _1  1 1 A 

1) 1  1)2  2)2  1)3  3)3  1)4  2)4  4)4  1)5 

J.J)_3J}_1J7J.J 
5)5  1)6  2)6  3)6  6)6  1)7  7)7  2)8 

2 18  3 1 5 2 

4)8  8)8  1)8  3)9  9)9  2)10  5)10 

Complete  the  following 

1 stamp  for  2 cents  2 in  2 

- stamps  for  8 cents  2’s  in  8 

- stamps  for  4 cents  2’s  in  4 

- stamps  for  6 cents  2’s  in  6 

1 stamp  for  3 cents  3 in  3 

- stamps  for  6 cents  3’s  in  6 

- stamps  for  9 cents  3’s  in  9 

1 pad  for  4 cents  4 in  4 

- pads  for  8 cents  4’s  in  8 

Practice  material: 

How  many  2’s  in  2?  in  10?  in  6?  in  8?  in  4? 
How  many  3’s  in  3?  in  9?  in  6? 

How  many  4’s  in  4?  in  8? 

How  many  5’s  in  5?  in  10? 

How  many  8’s  in  8?  How  many  7’s  in  7? 

4 = 2 = 5 = 5 = 6 — 3=  8 = 8 = 

10  = 5 = 8-7-4=  6 = 2=  0 = 6 = 

8 = 2=  4 = 4=  2 = 2=  9 = 9 = 

9 = 3=  10  = 2=  0 = 5=  0 = 7 = 

2) To  3)9  2)6  5)5  5)l0  9)0 

8/2  = ? 10/5  = ? 6/3  = ? 4/2  = ? 

1/3  of  6 1/2  of  10  1/3  of  3 1/8  of  8 

1/2  of  8 1/4  of  8 1/3  of  9 1/9  of  9 

1/5  of  10  1/5  of  5 1/4  of  4 1/7  of  7 

1/2  of  2 1/2  of  4 1/2  of  6 1/6  of  6 

• Dictate  combinations  at  the  rate  of  16  to  20  per  minute. 
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Three-place  dividends;  no  carrying,  no  remainder 
Divisor  contained  evenly  in  each  figure  of  dividend 

Ruth  and  Herbert  each  has  a stamp  book.  One 
day  their  uncle  sent  them  248  stamps  to  share 
equally.  How  many  should  each  receive? 

124  stamps  2’s  in  2 = 1 Check  124 

2) 248  2’s  in  4 = 2 _2 

2’s  in  8 = 4 248 

3) 966  2)842  4)848  3)693  4)484 

Divisor  contained  evenly  in  first  two  figures 

Five  pupils  have  105  letters  to  address  to  parents. 
How  many  should  each  address? 

21  letters  5’s  in  10  = 2 Check  21 

sTTofT  5’s  in  5 = 1 5 

105 

2)108  2) 1048  5)105 

United  States  money 

John  asked  his  father  to  pay  one  half  of  the  cost  of 
a pair  of  skates  which  were  marked  $1.02.  How 
much  money  did  his  father  have  to  pay? 


2)  $.86  3)  $6.30  4)  $8140  5)$10.55  2)  $10.26 


Combinations  with  dividends  11  to  30 


Basic  combinations6 

6 

4 

3 

2 

7 

2 

2)12 

3)12 

4)12 

6)12 

2)14 

7)14 

5 

3 

8 

4 

9 

3)15 

5)15 

2)16 

4)16 

2)18 

6 

3 

2 

5 

4 

7 

3)18 

6)18 

9)18 

4)20 

5)20 

3)21 

3 

8 

6 

4 

3 

5 

7)21 

3)24 

4)24 

6)24 

8)24 

5)25 

9 

3 

7 

4 

6 

5 

3)27 

9)27 

4)28 

7)28 

5)30 

6)30 

Dictate  combinations. 
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Complete  the  following: 

1 stamp  for  2 cents  2 in  2 

- stamps  for  18  cents  2’s  in  18 

- stamps  for  14  cents  2’s  in  14 

- stamps  for  16  cents  2’s  in  16 

- stamps  for  12  cents  2’s  in  12 

1 stamp  for  3 cents  3 in  3 

- stamps  for  21  cents  3’s  in  21 

- stamps  for  27  cents  3’s  in  27 

- stamps  for  18  cents  3’s  in  18 

- stamps  for  12  cents  3’s  in  12 

- stamps  for  24  cents  3’s  in  24 

- stamps  for  15  cents  3’s  in  15 

1 pad  for  4 cents  4 in  4 

- pads  for  24  cents  4’s  in  24 

- pads  for  16  cents  4’s  in  16 

- pads  for  20  cents  4’s  in  20 

- pads  for  12  cents  4’s  in  12 

- pads  for  28  cents  4’s  in  28 

1 candy  bar  for  50  5 in  5 

- candy  bars  for  250  5’s  in  25 

- candy  bars  for  300  5’s  in  30 

- candy  bars  for  150  5’s  in  15 

- candy  bars  for  200  5’s  in  20 

1 school  day  — 6 hr.  6 in  6 

- school  days  = 30  hr.  6’s  in  30 

- school  days  = 24  hr.  6’s  in  24 

- school  days  = 18  hr.  6’s  in  18 

- school  days  = 12  hr.  6’s  in  12 

1 week  = 7 days  7 in  7 

- weeks  = 28  days  7’s  in  28 

- weeks  = 21  days  7’s  in  21 

- weeks  = 14  days  7’s  in  14 


There 

is  

8 

in 

8 

There 

are 

8’s 

in 

24 

There 

are 

8’s 

in 

16 

There 

is  

9 

in 

9 

There 

are 

9’s 

in 

27 

There 

are 

9’s 

in 

18 
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Practice  material 


How 

many 

2’s 

in  12? 

in 

18?  in  16?  in  14? 

How 

many 

3’s 

in  21? 

in 

15?  in  18?  in  12?  in 

How 

many 

4’s 

in  28? 

in 

12?  in  24?  in  20?  in 

How 

many 

5’s 

in  25? 

in 

20?  in  15?  in  30? 

How 

many 

6’s 

in  12? 

in 

30?  in  24?  in  18? 

How 

many 

7’s 

in  28? 

in 

21?  in  14? 

How 

many 

8’s 

in  16? 

in 

24? 

How 

many 

9’s 

in  18? 

in 

27? 

12  A- 

2 = 

16  -r- 

2 - 

24  a 

48  = 

12  -T- 

6 — 

16-4- 

4 : 

25  a 

-5  = 

12 -A 

-4  = 

16  a- 

8: 

27  a 

-3  = 

12  -r- 

3 = 

18-4- 

6 

27  a 

49  = 

14  -u 

-2  = 

18  A- 

2 

27  a 

44  = 

14  A- 

-7  = 

20  a- 

4- 

28  a 

47  = 

15  -f- 

3 = 

20  a- 

5 

30  a 

-5  = 

15  A- 

5 = 

21-4- 

3 

30  A 

46  = 

21a- 

7 = 

24  -4- 

4: 

24  a- 

3: 

1/2  of  12,  16,  18,  14 

1/3  of  18,  24,  27,  15,  21,  12 

1/4  of  12,  16,  20,  24,  28 

1/5  of  15,  20,  25,  30 

1/6  of  12,  18,  24,  30 

1/7  of  14,  21,  28 

1/8  of  16,  24 

1/9  of  18,  27 

Three-place  dividends;  no  carrying;  no  remainder 

Mr.  Jones  drove  his  car  126  miles  on  six  gallons  of 
gas.  How  many  miles  per  gallon  did  he  drive? 


8)168  9)279  3)249  5)305  4)204  7)217 

United  States  money 

Mr.  Smith  paid  $18.36  for  3 tons  of  coke.  How 
much  is  that  for  one  ton? 


4)$12.44  3)$1.56  4)$2.44  6)$3.06  7)$2.87 

Combinations  with  dividends  31  to  50 
Basic  combinations 

8 4 7 5 9 6 

4)32  8)32  5)35  7)35  4)36  6)36 
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4 8 5 

7 

6 

9 

9)36  5)40  8)40 

6)42 

7)42 

5)45 

5 8 6 

7 

9)45  6)48  8)48 

7)49 

Complete  the  following: 

1 pad  for  4 cents 

4 

in 

4 

- pads  for  36  cents 

4’s 

in 

36 

- pads  for  32  cents 

4’s 

in 

32 

1 candy  bar  for  5 cents 

5 

in 

5 

- candy  bars  for  45  cents 

5’s 

in 

45 

- candy  bars  for  40  cents 

5’s 

in 

40 

- candy  bars  for  35  cents 

5’s 

in 

35 

1 school  day  = 6 hr. 

6 

in 

6 

- school  days  = 48  hr. 

6’s 

in 

48 

- school  days  = 36  hr. 

6’s 

in 

36 

- school  days  = 42  hr. 

6’s 

in 

42 

1 week  = 7 days 

7 

in 

7 

- weeks  = 42  days 

7’s 

in 

42 

- weeks  = 49  days 

7’s 

in 

49 

- weeks  = 35  days 

7’s 

in 

35 

There  is  8 in  8 

8 

in 

8 

There  are ..8’s  in  40 

8’s 

in 

40 

There  are 8’s  in  32 

8’s 

in 

32 

There  are 8’s  in  48 

8’s 

in 

48 

There  is  9 in  9 

9 

in 

9 

There  are 9’s  in  45 

9’s 

in 

45 

There  are 9’s  in  36 

9’s 

in 

36 

Practice  material 


How 

many 

4’s 

in 

32? 

in 

36? 

How 

many 

5’s 

in 

45? 

in 

40? 

in 

35? 

How 

many 

6’s 

in 

48? 

in 

42? 

in 

36? 

How 

many 

7’s 

in 

49? 

in 

42? 

in 

35? 

How 

many 

8’s 

in 

40? 

in 

32? 

How  many  9’s 

in 

45? 

in 

36? 
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II 

CO 

36  -r-  4 = 

45  -u  9 = 

32  -u  8 = 

36  -u  9 = 

45  -r-  5 = 

35  -u  7 = 

II 

OO 

o 

48  -r-  8 = 

35  -u  5 = 

40  -r-  5 = 

II 

CO 

■I* 

00 

36  -r-  6 = 

42  -r-  7 = 
42  -r-  6 = 

49  h-  7 = 

1/4  of  32,  36 

1/5  of  35,  40,  45 

1/6  of  36,  42,  48 

1/7  of  35,  42,  49 

1/8  of  32,  40,  48 

Three-place  dividends;  no  carrying;  no  remainder 
On  a sinking  ship  there  were  7 large  life  boats  and 
497  people.  How  many  people  should  get  into  each 
boat? 

9)369  4)324  6)426  8)488  7)497  8)328 

United  States  money 

One  summer  4 boys  formed  a marketing  club  to 
sell  vegetables.  Their  profit  the  first  week  was 
$3.68.  How  much  did  each  get  for  his  share? 

7)  $4.27  8)  $4.08  4)  $3.68  9)  $4.59  6)  $4.26 

Combinations  with  dividends  51  to  81 


Basic  combinations 

9 6 8 7 9 

6)54  9)54  7)56  8)56  7)63 

7 8 9 8 9 

9)63  8)64  8)72  9)72  9)81 

Complete  the  following: 

1 school  day  = 6 hr.  6 in  6 

- school  days  = 54  hr.  6’s  in  54 

1 week  — 7 days  7 in  7 

- weeks  — 63  days  7’s  in  63 

- weeks  = 56  days  7’s  in  56 

1 pint  of  milk  for  80  8 in  8 

- pints  of  milk  for  720  8’s  in  72 

- pints  of  milk  for  640  8’s  in  64 

- pints  of  milk  for  560  8’s  in  56 
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1 can  of  corn  for  9 cents  9 in  9 

- cans  of  corn  for  81  cents  9’s  in  81 

- cans  of  corn  for  63  cents  9’s  in  63 

- cans  of  corn  for  72  cents  9’s  in  72 

- cans  of  corn  for  54  cents  9’s  in  54 


Practice  material 
How  many  6’s  in  54? 


How 

many 

7’s 

in  56? 

in 

63? 

How 

many 

8’s 

in  72? 

in 

64? 

in  56? 

How  many 

9’s 

in  54? 

in 

81? 

in  72? 

54  - 

- 6 = 

64  - 

- 8 

54  - 

- 9 = 

72  - 

- 8 

56  - 

- 8 = 

63  - 

- 9 

63  - 

- 7 = 

72  - 

- 9 

56  - 

- 7 = 

81  - 

- 9 

1/6  of  54 

1/7  of  56,  63 

1/8  of  72,  64,  56 

1/9  of  54,  81,  72,  63 

Three-place  dividends;  no  carrying;  no  remainder 
Boy  Scouts  counted  546  cars  passing  a certain 
corner  in  six  hours.  What  was  the  average  per 
hour? 


7)637  9)729  8)648  6)546  8)568 

United  States  money 

The  pupils  in  the  Hiland  School  collected  $5.67  to  . 
send  flowers  to  7 pupils  in  the  hospital.  How  much 
money  could  be  spent  for  each  one? 


7)16.37  9)  $7.29  8)$6.48  6)$5.46  9)$8.19 

Easy  division  with  zeros 
Dividends  0 to  10 

An  airplane  flew  480  miles  in  4 hours.  How  many 
miles  did  it  fly  in  one  hour?  Another  plane  flew 
600  miles  in  3 hours.  How  far  did  it  fly  per  hour? 
A third  plane  flew  408  miles  in  2 hours.  How  far 
did  it  fly  per  hour? 
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120  miles 
4)480 


200  miles 
3)600 


204  miles 
2)408 


4’s  in  4 = 1 

4’s  in  8 = 2 

4’s  in  0 = 0 

3’s  in  6 = 2 

3’s  in  0 — 0 

3’s  in  0 = 0 

2’s  in  4 — 2 

2’s  in  0 = 0 

2’s  in  8 = 4 


2)640  3)903  6)600  7)707  8)800  5)105 

Dividends  11  to  30 

Four  boys  made  a stamp  collection  together.  They 
decided  to  divide  their  240  stamps  equally  and 
each  keep  his  own.  How  many  should  each  get? 


5)205  6)306  7)280  9)180 

Dividends  31  to  50 

At  the  county  fair  400  prizes  were  awarded  to 
school  children.  The  prizes  were  divided  equally 
among  5 schools.  How  many  prizes  did  each  school 
get? 


5)400  6)360  8)408  7)350  8)480 

Dividends  51  to  81 

A farmer  raised  819  bushels  of  corn  on  a 9-acre 
field.  What  was  his  yield  per  acre? 

SUMS  7)630  6)540  7)560 

c.  Fractions 

Meaning  of  1 2, 1/3.  1/4,  1/5,  1/6,  1/7,  1/8,  and  1/9. 

Others  if  needed. 

d.  Denominate  numbers 

(1)  Linear  measure — inch,  foot,  yard 
Construct  foot  rule 

Mark  off  by  inches 

Mark  off  by  1/2  inches 

Mark  off  by  1/4  inches 

Mark  off  by  1/8  inches 


100 


SELECTIVE  GRADATION  OF  MATERIALS 


Draw  lines  of  required  lengths 

Two  4-inch  lines;  three  2-inch  lines 
Three  2 1/2-inch  lines;  three  2-inch  lines 
Two  3 1/4-inch  lines;  three  2-inch  lines 
Two  1 5/8-inch  lines;  one  2 7/8-inch  lines. 

(2)  Drawing  rectangles  to  a scale  of  1/2  inch  to  a foot 

Construct  a 16  foot  square 
Construct  a rectangle  24  feet  long  and  8 feet  wide 
Construct  a square  measuring  13  feet  on  each  side 
Construct  a rectangle  27  feet  long  and  15  feet  wide 

(3)  Measure  of  weights — pound,  ounce 

Have  pupils  name  articles  bought  by  the  pound;  by  the 
half-pound;  by  the  quarter  pound. 

Teach  table 

16  ounces  (oz.)  = 1 pound  (lb.) 

8 oz.  = 1/2  lb. 

4 oz.  =1/4  lb. 

(4)  Liquid  measure — gallon,  quart,  pint 

Have  pupils  name  articles  bought  by  the  gallon ; by  the 
quart;  by  the  pint 

Teach  table 

2 pints  (pt.)  = 1 quart  (qt.) 

4 qt.  =1  gallon  (gal.) 

(5)  Time  and  timetable 

Telling  time,  intervals  10  minutes  and  5 minutes 

Construct  a clock  face 

Use  a constructed  clock  or  a toy  clock  to  indicate: 
2:10,  4:20,  7:40,  10:50,  etc.  (10  min.  intervals) 
12:15,  5:35,  3:35,  11:55,  etc.  ( 5 min.  intervals) 
Meaning  of  time  after  the  half-hour 

6:35  means  35  minutes  after  6 or  25  minutes  be- 
fore 7 

10:55  means  55  minutes  after  10  or  5 minutes  to  11 
11:45  means  45  minutes  after  11  or  15  minutes  be- 
fore 12 

Reading  time — railroad  time  schedules,  air  route 
schedules 

9:35  is  read  “Nine  thirty-five.” 

11:55  is  read  “Eleven  fifty-five.” 

1:05  is  read  “One  five.” 

6:50  is  read  “Six  fifty.” 
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Table  of  time 

60  seconds  (sec.) 

60  min. 

24  hr. 

7 days 
52  wk. 

12  months  (mo.) 

(6)  Reading  dates 

Questions:  What  date  is  it  today?  What  date  will  it 

be  a week  from  today?  What  date  was  it  yesterday? 
What  is  the  date  of  the  last  day  of  this  month?  What 
date  is  your  birthday? 

Have  pupils  write  the  dates  on  the  blackboard  as  they 
are  given. 

Have  pupils  read  the  dates. 

Have  pupils  read  the  following  and  give  significance  of 
the  dates: 

Oct.  12,  1492 
July  4,  1776 
June  14,  1777 
Feb.  12,  1809 
Feb.  22,  1732 
Nov.  11,  1918 
Dec.  25, 

Jan.  1, 

e.  Problem  solving 

(1)  Designating  the  process 

Directions — underline  the  word  that  tells  what  you 
would  do  to  solve  each  problem:  add,  subtract,  multi- 
ply, divide. 

John  has  12  cents  and  Harry  has  4 cents  more  than 
John.  How  much  has  Harry? 

William  and  his  father  took  a motor  trip.  On  start- 
ing out  they  noted  that  the  speedometer  registered 
2,438  miles.  On  their  return  it  registered  3,175  miles. 
How  far  did  they  travel? 

Four  pencil  boxes  cost  $1.00.  What  does  one  box 
cost? 

George  earns  $1.50  each  week  for  delivering  papers. 
How  much  does  he  earn  in  5 weeks? 

Mary  weighs  76  pounds  and  her  sister  Alice  weighs 
85  pounds.  How  much  heavier  is  Alice  than  Mary? 
How  many  badges  5 inches  long  can  be  cut  from  45 
inches  of  ribbon? 


Discovery  of  America 
Birthday  of  our  Nation 
Birthday  of  our  Flag 
Abraham  Lincoln’s  Birthday 
George  Washington’s  Birthday 
Armistice  Day 
Christmas 
New  Year’s  Day 


= 1 minute  (min.) 
= 1 hour  (hr.) 

= 1 day 
= 1 week  (wk.) 

= 1 year  (yr.) 

= 1 yr- 
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(2)  Formulating  the  question 

Have  the  pupils  complete  the  following: 

Sarah  has  $.75  in  the  bank.  Jane  has  $.25.  Question. 
Ann’s  mother  sent  her  to  the  store  to  buy  2 pounds  of 
butter.  The  butter  cost  30^  a pound.  Question. 
Paul  earned  75^  for  mowing  a lawn.  He  worked  3 
hours.  Question. 

Four  boys  took  a hike  over  the  week  end.  Their 
expenses  amounted  to  $2.00.  Question. 

Harry  gathered  29  quarts  of  berries  and  Jane  gath- 
ered 18  quarts.  Question. 

I have  18  rose  bushes  and  I bought  a half  dozen 
more.  Question. 

A farmer  raised  250  bushels  of  wheat.  He  sold  1/2 
of  it.  Question. 

Mary  went  to  the  store  and  bought  2 pounds  of  but- 
ter. It  cost  40 ^ a pound.  Question. 

Mrs.  Williams  bought  5 books  for  $6.25.  Question. 

(3)  Writing  out  and  solving  problems  which  arise  in  the  class- 
room 

(4)  One-step  problems 

Directions:  Solve  these  problems.  Show  all  work  ex- 
cept that  which  can  be  done  mentally. 

In  our  school  there  are  496  girls  and  538  boys.  How 
many  more  boys  are  there  than  girls? 

At  the  store  eggs  are  listed  to  sell  at  35^  a dozen. 
What  must  be  paid  for  5 dozen  at  that  price? 

Susan’s  family  were  going  to  make  a trip  by  train 
during  Christmas  vacation.  They  arrived  at  the  sta- 
tion 23  minutes  before  train  time.  The  train  was  55 
minutes  late.  How  long  did  they  have  to  wait  for 
the  train? 

Mrs.  Brown  divided  $4.10  equally  between  her  two 
sons,  Tom  and  Joe.  How  much  money  did  each  re- 
ceive? 

A grocer  sold  35  pounds  of  butter  on  Friday  and  28 
pounds  on  Saturday.  How  many  pounds  did  he  sell 
both  days? 

At  a church  supper  246  people  were  expected.  How 
many  apple  pies  were  needed  for  dessert  if  each  pie 
were  to  be  cut  in  six  pieces? 

Florence  and  her  father  took  an  automobile  trip. 
They  were  gone  7 days  and  traveled  2,870  miles. 
How  many  miles  on  an  average  did  they  travel  each 
day? 
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Harold’s  father  is  45  years  old.  His  mother  is  6 
years  younger  than  his  father.  How  old  is  Harold’s 
mother? 

(5)  Two-step  problems 
Problem  study 

Tom  bought  4 pencils  at  5^  each.  What  change 
would  he  receive  from  a fifty  cent  piece? 

Questions  to  ask:  What  does  the  problem  ask? 

What  does  it  state? 

What  must  be  done  first? 

What  must  be  done  next? 

Here  is  Sam’s  bill  at  the  baker’s: 

1 loaf  of  bread  12^ 

1 doz.  cookies  20^ 

1 doz.  doughnuts  25^ 

What  change  will  he  receive  from  a one  dollar  bill? 

Questions  to  ask:  What  does  the  problem  ask? 

How  will  you  find  the  amount  of 
the  bill? 

How  will  you  get  the  answer? 

f.  Progress  tests  of  skills  and  abilities  up  to  this  point 
(1)  Reading  and  writing  numbers 
Read  the  following  aloud 


456 

456  First  Street 

Sharon  456 

3500 

3264  Market  Street 

Hazel  0257 

209 

4500  Pennsylvania  Avenue 

Atlantic  4900 

5765 

392  Elm  Street 

Duquesne  2979 

860 

1205  William  Penn  Blvd. 

Sewickley  190-J 

8000 

327  Fifth  Avenue 

Sterling  8000 

7050 

600  Maple  Avenue 

Mayflower  0200 

1000 

7000  Broad  Street 

Everglade  5085 

$.63, 

$.03,  $26.55,  $5.17, 

IX, 

XVI 

$.09, 

$.57,  $9.70,  $30.07, 

XIV,  XIX 

$.30, 

$.89,  $40.09,  $62.97, 

XXVIII,  XIII 

Write  in 

Arabic  figures 

Two  thousand  two  hundred 
Ten  thousand 
Nine  thousand  ninety 
Four  hundred  four 
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Two  thousand  six  hundred  ninety-seven 

Six  thousand  four  hundred  sixty 

Eight  thousand  eight 

Five  hundred  five 

Seven  thousand  seven  hundred 

Seven  thousand  seventy 

Write  in  Roman  numerals 

Nine  Twenty-seven 

Twelve  Fourteen 

Write  in  figures  with  dollar  sign  and  decimal  point 

Ninety-five  cents 
Forty  cents 
Eight  cents 

Four  dollars  and  twenty-five  cents 
Thirty-one  dollars  and  fifty  cents 
Seventy  dollars  and  seven  cents 

(2)  Addition 


9 6 

4 7 

5 36  20  14  22  10 

13  18 

19  25 

7 8 

9 6 

5 

8 7 

4 5 9 

8 7 

5 7 

232 

562 

826 

741 

683 

457 

378 

512 

417 

143 

146 

215 

531 

609 

639 

108 

859 

426 

387 

265 

754 

12 

541 

115 

219 

906 

417 

608 

138 

245 

7 

143 

402 

9 

36 

215 

470 

655 

228 

339 

186 

547 

483 

686 

239 

45 

702 

78 

4 

41 

305 

143 

7 

94 

2 

109 

340 

72 

261 

998 

853 

46 

35 

$.27 

$2.48 

$10.25 

$4.93 

$43.36 

$28.74 

.43 

.97 

.07 

.57 

9.85 

2.46 

.08 

3.05 

9.63 

7.86 

.94 

.09 

.12 

2.15 

.95 

2.74 

.06 

56.73 
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(3)  Subtraction 


14 

15 

12 

12 

11 

10 

13 

14 

16 

9 

8 

6 

3 

7 

5 

6 

7 

8 

13 

11 

10 

12 

12 

17 

12 

10 

13 

7 

6 

4 

5 

9 

9 

7 

6 

8 

478 

989 

863 

604 

649 

129 

210 

187 

840 

101 

509 

100 

943 

850 

619 

805 

654 

8259 

529 

448 

344 

85 

573 

4163 

748 

913 

830 

700 

8600 

9600 

459 

345 

746 

379 

5529 

4299 

$3.11 

$6.27  $3.55 

$4.90 

$5.00 

2.32 

1.08 

1.56 

.93 

1.87 

Multiplication 

20 

51 

80 

78 

89 

75 

98 

76 

5 

6 

9 

3 

6 

8 

7 

6 

410 

909 

809 

960 

630 

681 

513 

6 

3 

7 

4 

7 

8 

9 

312 

813 

329 

254 

946 

547 

630 

8 

5 

4 

3 

5 

7 

9 

63 

71 

45 

94 

58 

87 

87 

32 

42 

24 

89 

73 

96 

50 

3.  Evidences  of  growth 

a.  Ability  to  read  and  write 

Hindu-Arabic  numbers,  4 figures 
House  numbers 
Telephone  numbers 
United  States  money  to  $100.00 
Roman  numerals  to  XXX 
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b.  Ability  to 

Give  sums  for  100  basic  addition  combinations  at  the  rate  of 
16  to  20  a minute 

Give  sums  for  higher  decade  addition  combinations  whose 
sums  do  not  exceed  39 
Add  and  check: 

Three-place  numbers,  four  addends  with  carrying 
Broken  column  addition 
United  States  money 

c.  Ability  to 

Give  remainders  for  100  basic  subtraction  facts  at  the  rate 
of  16  to  20  per  minute 

Subtract  and  check  three-place  numbers  with  and  without 
borrowing 

Use  intelligently  the  vocabulary  connected  with  addition 
and  subtraction 

d.  Ability  to 

Give  products  for  multiplication  combinations  at  the  rate 
of  16  to  20  per  minute 

Multiply  a three-place  number  by  any  single  figure 
Multiply  a two-  and  three-place  number  by  a two-place 
number 

Use  intelligently  the  vocabulary  connected  with  multiplica- 
tion 

e.  Ability  to 

Give  the  quotients  for  the  basic  facts  with  dividends  0 to  10, 
11  to  30,  31  to  50,  51  to  81 

Divide  a three-place  number  by  any  number  from  2 to  9 

inclusive  without  remainder;  without  carrying 

Use  intelligently  the  vocabulary  connected  with  division 

f.  Ability  to 

Draw  lines  of  given  lengths 

Draw  a rectangle  to  a scale  of  1/2  inch  to  a foot 

Use  and  understand  the  units  of  measures  of  weight,  liquid 

measure,  measures  of  time  as  given  in  course  of  study 

g.  Ability  to 

Solve  one-step  problems  involving  the  processes  learned 
Two-step  problems  involving  change  received 
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D.  FOURTH  GRADE 

1.  Scope  of  skills  and  abilities 

a.  Reading  and  writing  numbers 

(1)  Skills  and  abilities  listed  for  previous  grades 

(2)  Hindu-Arabic  numbers  having  5 to  9 figures 

(3)  United  States  money  to  $10,000.00 

(4)  Roman  numerals 

Reading  them  to  C 
Writing  them  to  XXX 

b.  Fundamental  operations 

(1)  Vocabulary 

(2)  Multiplication 

Skills  and  abilities  listed  for  previous  grades 
Multiplying  two-  to  four-place  multiplicands  by  two- 
and  three-place  multipliers 

(3)  Division 

Skills  and  abilities  listed  for  previous  grades 
Easy  division,  with  carrying,  with  remainder 
More  difficult  division;  involving  carrying,  borrowing, 
remainder;  when  trial  divisor  is  or  is  not  true  divisor 

c.  Common  fractions 

(1)  Vocabulary 

(2)  Development  of  fraction  concept 

(3)  Counting  by  fractions 

(4)  Reading  and  writing  fractions 

(5)  Teach  the  terms  denominator  and  numerator 

(6)  Reading  and  writing  mixed  numbers 

d.  Denominate  numbers 

(1)  Develop  table  of  dry  measure 

(2)  Use  of  dozen  and  gross 

(3)  Reading  the  thermometer 

(4)  Draw  lines,  squares,  rectangles  to  scale 

e.  Problem  solving 

(1)  One-step  problems 

(2)  Two-step  problems 
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2.  Suggested  topics  and  procedures 
a.  Reading  and  writing  numbers 
(1)  Pre-instructional  test 
Read  these  numbers: 


900 

$120.25 

II 

990 

$.07 

IV 

4004 

$99.09 

VI 

4400 

$304.40 

IX 

4040 

$.48 

XIII 

9000 

$9.75 

XVII 

50808 

$100.00 

XIV 

75007 

$50.50 

XXIV 

6660 

$.70 

XXVIII 

92292 

$4.00 

XXX 

Write  in  figures: 

Two  hundred  two 

Three  thousand,  one  hundred  ten 

Five  thousand,  fifty 

Sixty  thousand 

One  thousand,  one 

Three  thousand,  three  hundred 

Nine  thousand,  nine  hundred  forty 

Four  thousand,  four  hundred  ninety-seven 

Eighty  thousand,  one  hundred  twelve 

Write  as  United  States  money: 

Ninety-seven  cents 
Eight  cents 

Ten  dollars  and  one  cent 
Three  hundred  five  dollars  and  four  cents 
One  hundred  ten  dollars  and  twenty  cents 
Seven  hundred  seven  dollars  and  fifteen  cents 
Three  hundred  four  dollars  and  eighty-six  cents 

Write  in  Roman  numerals: 

10  9 19  8 16  27  14 

24  15  20  14  25  11  29 

Study  errors  to  determine  practice  necessary. 
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(2)  Hindu-Arabic  numbers  having  five  to  nine  figures 

Reading  numbers 

“And”  is  not  to  be  used  in  reading  whole  numbers. 
Read  “Ten  thousand,  one  hundred  ten”  instead  of 
“Ten  thousand  and  one  hundred  and  ten.” 

Writing  numbers 

Punctuate  numbers,  by  placing  the  commas  where 
needed. 

43430003  — 43,430,003 

Write  dictated  numbers  in  figures. 

Twenty-nine  thousand  — 29,000 

Two  million,  fifty  thousand,  fifty  — 2,050,050 

(3)  United  States  money  to  $10,000.00 

(4)  Roman  numerals 

Reading  Roman  numerals  to  C 
Writing  Roman  numerals  to  XXX 

b.  Fundamental  operations 
(1)  Vocabulary 

Arithmetic  words  and  phrases  to  be  taught  as  needed: 


add 

multiplicand 

amount  of  bill 

amount 

product 

have  left 

plus 

times 

pay  back 

sum 

carrying 

change  received 

difference 

dividend 

less  than 

minus 

divisor 

still  owe 

remainder 

quotient 

how  many 

subtract 

equation 

times  as  many 

borrowing 

fraction 

increased  cost 

minuend 

numerator 

partial  product 

subtrahend 

denominator 

draw  to  a scale 

average 

decimal  point 

Pre-instructional  test 

Complete  the  following  equations: 

28  + 6 = 

18  — 9 = 

8X9=  63  -r-  7 

19  + 7 = 

14  — 6 = 

3X7=  24  = 3 

24  + 8 = 

17  — 8 = 

6X9=  36  -r-  9 

17  + 6 = 

13  — 5 = 

4X6=  64  = 8 

15  + 9 = 

16  — 7 = 

7X8=  42-f-6 
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Add  and  Check 


5376 

1439 

7631 

9823 

48 

5148 

3215 

240 

76 

619 

3212 

2789 

97 

5 

7253 

1436 

7523 

2418 

149 

6978 

4305 

$.10 

$1.00 

$8.96 

$29.77 

9 

.24 

.75 

4.69 

76.08 

796 

.36 

10.25 

3.78 

5.84 

2981 

.90 

3.18 

2.57 

.05 

Subtract  and  Check 

901 

4004 

$200.00 

$5.00 

$258.64 

715 

285 

59.68 

3.47 

78.69 

9324 

2004 

$10.00 

$82.64 

$35.00 

2487 

1568 

.94 

49.85 

31.98 

Multiply  and 

Check 

572 

910 

$.95  $40.05 

48 

69 

7 

.90 

Divide  and  check 


4)884  9)540  6)365  8)6436  7)5649 


4)  $16.80  6)137.26  7)  $49.07  8)  $66.72 

Solve  these  problems 

Harry  weighs  100  pounds.  Tom  weighs  13  pounds 
more  than  Harry.  What  is  Tom’s  weight? 

Six  boys  in  fifth  grade  planned  to  take  a hike.  They 
found  it  would  cost  $4.80.  How  much  is  each  boy’s 
share? 

(3)  Multiplication 

Multiplying  two-  to  four-place  multiplicands  by  two- 

and  three-place  multipliers 

Dictate  the  60  addition  facts  with  bridging  pre- 
requisite to  multiplication  to  find  class  and  indi- 
vidual difficulties. 


ill 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


Provide  practice  where  needed. 

Sample  Test 
Add  these  numbers 


18 

and 

2 

56 

and 

6 

36 

and 

7 

54 

and 

36 

and 

4 

16 

and 

5 

49 

and 

4 

29 

and 

49 

and 

4 

18 

and 

8 

72 

and 

8 

45 

and 

24 

and 

6 

35 

and 

6 

45 

and 

7 

18 

and 

16 

and 

6 

56 

and 

5 

48 

and 

3 

39 

and 

56 

and 

4 

36 

and 

6 

48 

and 

6 

64 

and 

18 

and 

6 

54 

and 

6 

27 

and 

3 

36 

and 

45 

and 

5 

28 

and 

2 

24 

and 

7 

16 

and 

27 

and 

5 

28 

and 

3 

28 

and 

6 

36 

and 

54 

and 

8 

35 

and 

5 

28 

and 

7 

27 

and 

18 

and 

3 

16 

and 

7 

18 

and 

7 

63 

and 

63 

and 

7 

27 

and 

5 

45 

and 

8 

14 

and 

48 

and 

4 

49 

and 

1 

28 

and 

5 

27 

and 

64 

and 

7 

56 

and 

7 

48 

and 

7 

29 

and 

48 

and 

5 

18 

and 

4 

27 

and 

4 

28 

and 

Multiplication  by  a two-place  number 
Without  carrying 

92  401 

23  59 


With  carrying 

96  453 

72  84 

Multiplication  by  a three-place  multiplier 
Without  carrying 

432 

312 

With  carrying 
125 
236 

With  zeros 

In  multiplicand 

408 

163 


7 

3 

6 

5 

5 

6 

8 

4 

5 

7 

8 

6 

8 

6 

4 
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In  multiplier 
342 
307 


In  both  multiplicand  and  multiplier 

420 

130 


(4)  Division 

Skills  and  abilities  listed  for  previous  grades 
Easy  division  with  carrying;  with  a remainder  (Use 
the  “long  method”) 

Easy  division  with  carrying;  with  remainder 


Dividends  0 to  10 

Subtraction  combinations  prerequisite  to  carrying 


from 

from 

from 

from 

from 

from 

from 


from  7 
from  8 
from  9 
from  7 
from  8 
6 from  9 
6 from  10 


7  from  8 
7 from  9 

7 from  10 

8 from  9 

8 from  10 

9 from  10 


Find  quotient  and  remainder 


2)0 

2)1 

2)3 

2)5 

2)7 

2)9 

3)0 

3)1 

3)2 

3H 

3)5 

3)7 

3)8 

3)T0 

4)0 

4U 

4)2 

4)3 

4)5 

4)6 

4)T 

4)9 

4)T0 

5)0 

5U 

5)2 

5)3 

5)4 

5)6 

5)T 

5)8 

5)7T 

67o 

6U 

6)2 

6)3 

6)4 

6)5 

6)7 

6)8 

6)9 

6) 

10 

7)0 

7)1 

7)2 

7)3 

7)4 

7)5 

7)6 

7)8 

7)9 

7) 

10 

8)0 

8U 

8)2 

8)3 

3)4 

8)5 

876 

8)7 

879 

8) 

10 

9)0 

o n 

9)2 

9)3 

9)4 

9)5 

9)6 

9)7 

978 

9) 

10 
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Practice 

Aunt  Mary  baked  70  cookies  for  the  church  lawn 
fete.  The  cookies  were  put  into  bags  and  sold.  She 
put  six  cookies  in  each  bag.  How  many  bags  were 
needed?  How  many  cookies  were  left? 


Dividends  11  to  30 

Subtraction  combinations  prerequisite  to  carrying 


10 

from 

11 

9 

from 

11 

8 

from 

11 

12 

from 

13 

12 

from 

14 

12 

from 

15 

14 

from 

15 

15 

from 

16 

16 

from 

17 

16 

from 

17 

15 

from 

17 

16 

from 

18 

18 

from 

19 

18 

from 

20 

16 

from 

19 

21 

from 

22 

20 

from 

21 

21 

from 

23 

20 

from 

22 

24 

from 

25 

20 

from 

23 

24 

from 

26 

24 

from 

27 

27 

from 

28 

28 

from 

29 

27 

from 

29 

28 

from 

30 

10 

from 

12 

6 

from 

11 

7 

from 

11 

10 

from 

13 

12 

from 

16 

7 

from 

12 

10 

from 

14 

12 

from 

17 

7 

from 

13 

15 

from 

18 

18 

from 

21 

14 

from 

16 

15 

from 

19 

18 

from 

22 

14 

from 

17 

20 

from 

24 

18 

from 

23 

14 

from 

18 

25 

from 

26 

24 

from 

28 

14 

from 

19 

25 

from 

27 

24 

from 

29 

14 

from 

20 

25 

from 

28 

21 

from 

24 

25 

from 

29 

21 

from 

25 

21 

from 

26 

21 

from 

27 

8 

from 

12 

9 

from 

12 

8 

from 

13 

9 

from 

13 

8 

from 

14 

9 

from 

14 

8 

from 

15 

9 

from 

15 

v 16 

from 

20 

9 

from 

16 

16 

from 

21 

9 

from 

17 

16 

from 

22 

18 

from 

24 

16 

from 

23 

18 

from 

25 

24 

from 

30 

18 

from 

26 

27 

from 

30 
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Find  quotient  and  remainder 

2)TT  2)13  2)15  2)17  2)19 


3)11 

3)13 

3)11  3)16 

3)17 

3)19 

3)20 

3)22 

3)23 

3)25  3)26 

3)28 

3)29 

4)11 

4)13 

4)H  4)15 

4)11 

4)1 8 

4)l9 

4)2l 

4)22 

4)23  4)25 

4)26 

4)27 

4)29 

4)30 

5)11 

5)12 

5)13  5)14 

5)16 

5)H 

5)18 

5ll9 

5)21 

5)22 

5)23  5)24 

5)26 

5)27 

5)28 

5^29 

6)11 

6)l3 

6)14  6)15 

6)16 

6)11 

6)1 9 

6720 

6)21 

6)22 

6)23  6)25 

6)~26 

6)”27 

6)28 

6)29 

7)11 

7)12 

7)13  7)15 

7)1 6 

7)11 

7)18 

7719 

7)20 

7)22 

7)23  7)24 

7)25 

7)26 

7)27 

7729 

7)”30 

8)11 

8C2 

8)13  8Tl4 

8ll5 

8711 

8)18 

8)19 

8)20 

8)21 

8)22 

8]23  8)25 

8)26 

8727 

8)28 

8)29 

8)30 

9)11 

9)12 

9)13  <7)14 

9115 

9)l6 

9711 

9719 

9)20 

9)2l 

9)22 

9723  9j24 

9l25 

9726 

9)28 

9729 

9730 

Practice 

A farmer  received  144  apple  trees.  Can  he  plant 
them  in  5 equal  rows? 


8)184 

9)207 

6)259 

7)294 

4)260 

8)266 

7)224 

9)108 

6)270 

8)256 

5)1225 

4)2268 

3)2544 

6)2592 

9)1198 

5)169 

4)297 

8)259 

6)255 

7)305 

2)1579 

8)1859 

7)1639 

9)2098 

4)2301 
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Dividends  31  to  50 

Subtraction  prerequisite  to  carrying 


28 

from 

31 

30 

from 

31 

30 

from 

35 

32 

from 

33 

30 

from 

32 

36 

from 

40 

32 

from 

34 

30 

from 

33 

36 

from 

41 

32 

from 

35 

30 

from 

34 

42 

from 

43 

36 

from 

37 

35 

from 

36 

42 

from 

44 

36 

from 

38 

35 

from 

37 

42 

from 

45 

36 

from 

39 

35 

from 

38 

42 

from 

46 

35 

from 

39 

42 

from 

47 

40 

from 

41 

48 

from 

49 

40 

from 

42 

48 

from 

50 

40 

from 

43 

40 

from 

44 

45 

from 

46 

45 

from 

47 

45 

from 

48 

45 

from 

49 

28 

from 

32 

24 

from 

31 

27 

from 

31 

28 

from 

33 

32 

from 

36 

27 

from 

32 

28 

from 

34 

32 

from 

37 

27 

from 

33 

35 

from 

40 

32 

from 

38 

27 

from 

34 

35 

from 

41 

32 

from 

39 

27 

from 

35 

42 

from 

48 

40 

from 

45 

36 

from 

42 

49 

from 

50 

40 

from 

46 

36 

from 

43 

40 

from 

47 

36 

from 

44 

45 

from 

50 

Find 

quotient  and  remainder 

4) 31  4)33  4)34  4)35  4)37  4)38  4)39 

5) 31  5)32  5)33  5)34  5)36  5)37  5)38  5)39 

5) 41  5)42  5)43  5)44  5)46  5)47  5)48  5)~i9 

6) 31  6)32  6)33  6)34  6)35  6)37  6)38  6)39 

6740  6)41  6)43  6)44  6)45  6H6  6)47  6)49  6)50 

7) 31  7)32  7j33  7)34  7)36  7)37  7)38  7)39 

7)40  7)41  7)43  7)44  7)45  7)46  7)47  7)48  7)50 
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8731  8)33  8734 
8]42  8)43  8744 
9731  9)32  9733 
9740  9741  9742 
9748  9)49  9750 


8)35  8)36  8737 

8) 45  8)46  8)47 

9) 34  9)35  9)37 
9)43  9H4  9746 


8738  8739  8 HI 

8) 49  8)50 

9) 38  9)39 
9747 


Practice 

John  and  his  father  motored  319  miles  in  9 hours. 
What  was  the  average  number  of  miles  per  hour? 


4)318 

6)391 

7)392 

8)360 

9)405 

5)3481 

8)3960 

9)3205 

6)4534 

4)3958 

6)469 

9)398 

7)329 

5)449 

8)370 

7)400 

4)3951 

6)5209 

8)3718 

9)3200 

Dividends  51  to  89 
Subtraction  prerequisite  to  carrying 


48 

from 

51 

49 

from 

51 

48 

from 

54 

45 

from  51 

48 

from 

52 

49 

from 

52 

48 

from 

55 

45 

from  52 

48 

from 

53 

49 

from 

53 

56 

from 

63 

45 

from  53 

54 

from 

55 

49 

from 

54 

64 

from 

65 

54 

from  60 

54 

from 

56 

49 

from 

55 

64 

from 

66 

54 

from  61 

54 

from 

57 

56 

from 

57 

64 

from 

67 

54 

from  62 

54 

from 

58 

56 

from 

58 

64 

from 

68 

63 

from  70 

54 

from 

59 

56 

from 

59 

64 

from 

69 

63 

from  71 

56 

from 

60 

64 

from 

70 

72 

from  80 

56 

from 

61 

64 

from 

71 

81 

from  82 

56 

from 

62 

72 

from 

73 

81 

from  83 

63 

from 

64 

72 

from 

74 

81 

from  84 

63 

from 

65 

72 

from 

75 

81 

from  85 

63 

from 

66 

72 

from 

76 

81 

from  86 

63 

from 

67 

72 

from 

77 

81 

from  87 

63 

from 

68 

72 

from 

78 

81 

from  88 

63 

from 

69 

72 

from 

79 

81 

from  89 
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Find  quotient  and  remainder 


6 [51 

6)52 

6)53 

6)55 

6)56 

6)57 

6)58 

6[59 

7)51 

7)52 

7)53 

7)54 

7 [55 

7)57 

7)58 

7)59 

7)60 

7m 

7)62 

7)64 

7 [65 

7)66 

7)67 

7)68 

7)69 

8 [51 

8[52 

8[53 

8)54 

8)55 

8)77 

8)58 

8[59 

8)60 

8jM 

8762 

8)63 

8)65 

8)66 

8)67 

8)68 

8[69 

8T70 

8)71 

8)73 

8)74 

8)75 

8)76 

8F77 

8 [78 

8[79 

9 [51 

9)52 

9)53 

9)55 

9)56 

9[57 

9 [58 

9)59 

9)60 

9)61 

9)62 

9)64 

9 [65 

9)66 

9)67 

9)68 

9)69" 

9)70 

9)77 

9)73 

9)74 

9)75 

9)76 

9)77 

9)78 

9[79 

9 [80 

9)82 

9)73 

9)84 

9)85 

9[86 

9)87 

9)88 

9)89 

Practice 

An  airplane  started  from  Los  Angeles  on  a flight  of 
1,573  miles.  The  flight  was  completed  in  8 hours. 
What  was  the  average  distance  per  hour  traveled? 


8)776 

9)783 

7)546 

8)614 

9)882 

9)5923 

8)7754 

6)5394 

7)5583 

9)8728 

7)629 

8)639 

9)794 

6)531 

8)626 

6)5395 

7)6229 

8)5585 

9)7819 

6)5998 

More  difficult  division;  involving  carrying,  borrowing,  re- 
mainders; when  trial  divisor  is  or  is  not  the  true  divisor 
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Doing  these  problems  the  “long  way’-’  will  not  be  new 
since  that  has  been  the  method  used  in  easy  division 
problems  up  to  this  point.  However,  new  abilities  in 
connection  with  more  difficult  division  will  need  to  be 
developed. 

Two-place  divisors  and  even  division 
Divide  the  long  way 

Sample 

3 

31)93  Divide.  How  many  31’s  are  in  93? 

93  Think:  There  are  three  31’s  in  93 

0 Write  3 above  3 

Multiply. 

Think:  3X31  = 93 

Write  93  below  93 
Subtract. 

Think:  93  — 93=  0 
Compare. 

Think:  0 is  less  than  31 


21)21  21)84  21)63  41)123  41)205 

31)62  4lj82  22711  31)155  22)132 

Two-place  divisors  and  remainders 
Divide  the  long  way 

Sample 

3 

31)96  Divide.  How  many  31’s  are  in  96? 

93  Think:  There  are  three  31’s  in  96 

3 Write  3 above  6 

Multiply. 

Think:  3X31  = 93 

Write  93  below  96 

Subtract. 

Think:  96  — 93  = 3 
Compare. 

The  remainder  3 is  less  than  31 
4 ml  22756~  32)67  51)61  54)66 

21H8-  14711 
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Two-place  divisor  and  two-  and  three-place  divi- 
dends 

Divide  the  long  way 

Paul  and  his  father  wish  to  travel  30  miles  per 
hour  from  Pittsburgh  to  Erie.  The  cities  are  150 
miles  apart.  How  long  will  it  take  to  make  the 
trip? 

Sample 

5 

30)  150  Divide.  Thirty  is  larger  than  fifteen, 
150  so  how  many  30’s  are  in  150? 

0 Think:  There  are  five  30’s  in  150 

Write  5 above  0 

Multiply. 

Think:  5X  30  = 150 

Write  150  below  150 

Subtract. 

Think:  150  — 150=  0 

Compare. 

0 is  less  than  30 


10)80  30)90  40)120  20)160 


30)30  50)100  60)180  70)140 

Developing  the  long  division  process 
Step  1.  Trial  divisor  is  true  divisor.  No  carrying, 
borrowing,  or  remainder. 

One  hundred  forty-four  trees  are  planted  in  12 
rows.  How  many  trees  are  in  each  row? 

12 

12)144  Divide.  How  many  12’s  are  in  14? 

12  Think:  There  is  one  12  in  14 

24  Write  1 above  4 

24  Multiply. 

0 Think:  1X12  = 12 

Write  12  below  14 

Subtract. 

Think:  14  — 12=  2 
Compare. 

Think:  2 is  less  than  12 
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Bring  down. 

The  figure  4 beside  the  14  is  brought 
down  beside  2 

Divide.  How  many  12’s  are  in  24? 
Think:  There  are  two  12’s  in  24 
Write  2 above  4 

Multiply. 

Think:  2X12  = 24 

Write  24  below  24 

Subtract. 

Think:  24  — 24=  0 
Compare. 

Think:  0 is  less  than  12 

Remember,  if  the  remainder  is  larger  than  the  divi- 
sor the  quotient  is  too  small. 

Pupils  who  are  not  accurate  should  check  the 
answers  by  multiplying  the  quotient  and  the  di- 
visor. 


13)143  14)168  16)192  21)252  31)341 


13)156  15)165  17)187  21)273  31)682 

More  difficult  exercises  of  the  same  type 


61)915  62)744  51)612  53)636  83)996 

61)793  52)676  72)936  73)949  637756 

Step  2.  Carrying.  Trial  divisor  is  true  divisor.  No 
borrowing  or  remainder. 

William  and  his  father  drove  345  miles  and  used 
23  gallons  of  gasoline.  What  mileage  did  they 
get  per  gallon? 

15 

23)345  Divide.  How  many  23’s  are  in  34? 

23  Think:  There  is  one  23  in  34 

115  Write  1 above  4 

115  Multiply. 

0 Think:  1X23  = 23 

Write  23  below  34 
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Subtract. 

Think:  34  — 23  = 11 
Compare. 

Think:  11  is  less  than  23 

Bring  down. 

Think:  The  figure  5 beside  34  is 

brought  down  beside  11 

Divide. 

Think:  There  are  five  23’s  in  115 
Write  5 above  5 
Multiply. 

Think:  5 X 23  = 115 

Write  115  below  115 
Subtract. 

Think:  115  — 115=  0 

Compare. 

Think:  0 is  less  than  23 

16)192  13)195  25)575  74)962  23)966 

14)196  23)989  24)792  34)476  36)468 

More  difficult  exercises  of  the  same  type 

44)1452  33)1782  45)2745  47)1598  54)4482 

52)2912  23)1196  53)3286  48) 1488  56)3976 

33)1485  34)2074'  42)3486  68)4964  73)2920 

Ste'p  3.  Borrowing.  Trial  divisor  is  true  divisor. 
No  carrying  or  remainder. 

The  enrolment  in  the  Jackson  Junior  High  School 
is  1120.  There  are  32  rooms  in  the  building.  What 
is  the  average  number  of  pupils  per  room? 

35 

32)1120  Divide.  How  many  32’s  are  in  112? 

96  Think:  There  are  three  32’s  in  112 

“160  Write  3 above  2 

160  Multiply. 

— q Think:  3X32=96 

Write  96  below  112 
Subtract. 

Think:  112  — 96  = 16 
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Compare. 

Think:  16  is  less  than  32 
Bring  down. 

Think:  The  0 beside  112  is  brought 
down  beside  16 

Divide.  How  many  32’s  in  160? 
Think:  There  are  five  32’s  in  160 
Write  5 above  0 

Multiply. 

Think:  5X  32  = 160 

Write  160  below  160 

Subtract. 

Think:  160  — 160=  0 

Compare. 

Think:  0 is  less  than  32 


81)1539  41)3444  42)1428  83)2573  51)4233 


62)2728  51)3621  61)2318  72)3168  92)1288 


Step  4-  Zero  in  dividend.  Trial  divisor  is  true  divi- 
sor. No  carrying  or  remainder. 

A flock  of  33  sheep  was  driven  on  the  scales.  They 
weighed  1089  pounds.  What  is  the  average 
weight  of  each? 


61)2501  62)2046  73)2409  42)1008  91)2002 

Step  5.  Carrying  and  borrowing.  Trial  divisor  is 
true  divisor. 

Twenty-eight  boys  were  weighed  on  a coal  dealer’s 
scales.  They  weighed  2156  pounds.  What  is  the 
average  weight  of  each  boy? 


43)3913  74)6216  89)3115  82)3034  97)4171 


87)7134  84)3528  96)3552  83)2241  98)3528 

Same  step  of  difficulty  with  zero  in  dividend 


72)4608  84)2016  99)8019  76)4028  58)3016 
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Step  6.  Carrying,  borrowing,  and  remainder.  Trial 
divisor  is  true  divisor. 


32)2338  85)1836  78)4007  96)6916  46)2918 


53)1876  85)2736  63)2206 

Step  7.  Easy  exercises.  Trial  divisor  is  not  true 
divisor. 


12)1080  16)1440  26)1040  16)3200  34)2720 
23)TM>  36)3240  58)4060  47)4230  48)3840 

Step  8.  More  difficult  exercises.  Trial  divisor  is 
not  true  divisor. 


45)3555  64)5696  58)2842  56)1624  67)4489 

75)3525  55)2655  67)5797  47)4389  56)5096 

Step  9.  Most  difficult  exercises.  Trial  divisor  is  not 
true  divisor. 


47)4418  73)6708  57)5073  52)5044  58)4524 
37)3434  84)7638  86)1634  7876188  89)2492 


c. 


Common  fractions 

(1)  Vocabulary.  (Teach  as  needed.) 


fraction 

term 

numerator 
denominator 
proper  fraction 
improper  fraction 


common  denominator 
like  fractions 
unlike  fractions 
mixed  numbers 
lowest  terms 


(2)  Development  of  fraction  concept 
Use  an  apple  to  illustrate. 

Cut  the  apple  into  two  equal  parts. 

Each  part  is  called 

There  are halves  in  the  whole. 


Cut  each  half  apple  into  two  equal  parts. 

Each  part  is  called 

There  are fourths  in  the  whole  apple. 

There  are fourths  in  the  half  apple. 
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Cut  each  apple  fourth  in  two  equal  parts. 

Each  part  is  called 

There  are eighths  in  the  whole  apple. 

There  are eighths  in  the  quarter  apple. 


Use  money  for  illustration. 

2 half  dollars  equal  1 dollar. 

4 quarter  dollars  equal  1 dollar. 

2 quarter  dollars  equal  % dollar. 

Use  squares  of  a paper  for  development  of  fraction  con- 
cept. 

Give  each  pupil  three  6-inch  squares. 

Have  pupils  fold  and  cut  each  square  into  two  equal 
rectangles.  Number  the  rectangles  1,  2,  3,  4,  5,  and  6 

Use  rectangle  1.  Have  pupils  fold  it  into  halves. 
Into  how  many  equal  parts  has  the  rectangle  been 
folded?  What  is  each  part  called? 

Use  rectangle  2.  Fold  into  halves;  fold  each  half 
into  halves.  Into  how  many  equal  parts  has  the 
rectangle  been  folded?  What  is  each  part  called? 
How  many  fourths  in  the  whole? 

Use  rectangle  3.  Fold  into  halves;  fold  each  half 
into  halves;  fold  each  fourth  into  halves.  Develop 
1/8  and  8/8  through  questions  similar  to  those  in 
1 and  2. 

Use  rectangle  4.  Fold  into  three  equal  parts. 
What  is  each  part  called?  How  many  thirds  in 
the  whole? 

Use  rectangle  5.  Fold  into  halves;  fold  each  half 
into  thirds.  Develop  1/6  and  6/6  through  ques- 
tions similar  to  those  in  1 and  2. 

Use  rectangle  6.  Fold  into  three  equal  parts;  fold 
each  third  into  two  equal  parts.  How  many  equal 
parts  have  you?  What  is  each  part  called?  How 
many  sixths  in  the  whole? 

Have  pupils  formulate  a definition  for  a fraction. 


(3) 


Counting  by  fractions.  Refer  to  rectangles  as  needed. 


By  1/2’s  to  1 
By  1/3’s  to  1 
By  1/4’s  to  1 
By  1/8’s  to  1 


1/2,  2/2,  or  1 

1/3,  2/3,  3/3,  or  1 

1/4,  2/4,  3/4,  4/4,  or  1 

1/8  2/8,  3/8,  4/8,  5/8,  6/8,  7/8, 

8/8,  or  1 

1/6,  2/6,  3/6,  4/6,  5/6,  6/6,  or  1 


By  1/6’s  to  1 
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(4)  Reading  and  writing  fractions 

Read  the  following  fractions: 

1/2,  1/4,  1/8,  3/4,  3/8,  5/8,  7/8,  1/3,  2/3,  1/6 

5/6,  1/5,  2/5,  3/5,  4/5,  1/9,  2/9,  4/9,  5/9,  7/9 

8/9,  1/7,  2/7,  3/7,  4/7,  5/7,  6/7,  1/12,  5/12,  7/12 

11/12,  1/16,  3/16,  7/16,  9/16,  11/16,  13/16 

Dictate  fractions  to  be  written.  Do  not  dictate  them 
in  regular  order. 

(5)  Teach  the  terms  denominator  and  numerator. 

In  the  fraction  2/3, names  the  equal  parts  into 

which  a thing  is  divided shows  how  many 

equal  parts  are  taken. 

(6)  Reading  and  writing  mixed  numbers 

Have  pupils  give  fractions.  Write  the  given  frac- 
tions on  the  blackboard  in  columns.  Have  pupils 
read  the  fractions  written. 

Have  pupils  place  a whole  number  before  each 
fraction.  Read  the  numbers 

3 3/4,  8 7/8,  9 2/3,  6 1/6,  4 1/6 

In  reading  a mixed  number  the  word  “and”  is  said 
between  the  whole  number  and  the  fraction. 

Dictate  mixed  numbers  to  be  written. 

d.  Denominate  numbers 

(1)  Develop  the  table  of  dry  measure  as  follows: 

Have  pupils  name  articles  bought  by  the  pint,  half- 
pint, quart,  peck,  half-peck,  quarter-peck,  bushel, 
and  half-bushel. 

List  articles  of  food.  Potatoes,  lima  beans,  apples, 
onions.  Have  pupils  state  in  what  quantities  they 
may  be  bought. 

Display  before  the  class  measures  such  as  pint  and 
quart. 

Build  the  table. 

2 half  pints  = 1 pint  (pt.) 

2 pt.  =1  quart  (qt.) 

8 qt.  =1  peck  (pk.) 

4 pk.  = 1 bushel  (bu.) 

Use  this  table  when  solving  problems. 

(2)  Use  of  dozen  and  gross 

Some  of  our  school  supplies  are  bought  in  these  units: 
Rulers  by  the  dozen 
Paper  by  the  dozen  packages 
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Board  erasers  by  the  dozen 
Crayons  by  the  gross 
Pen  points  by  the  gross 
Pencils  by  the  gross  or  1/2  gross 

Have  the  pupils  name  articles  bought  by  the  dozen 
or  half  dozen.  List  the  articles  named. 

Have  pupils  name  articles  bought  by  the  gross. 
List  articles  named. 

Questions:  If  you  buy  a dozen  oranges,  how  many 
do  you  have?  How  many  do  you  have  if  you  buy 
a half  dozen?  How  many  pencils  are  there  in  a 
box  marked  1 gross?  How  many  dozen  is  this? 
Build  the  table. 

12  things  = 1 dozen  (doz.) 

6 things  = 1/2  doz. 

144  things  = 1 gross  (gr.) 

12  doz.  = 1 gr. 

Use  the  table  when  solving  problems. 

(3)  Reading  the  thermometer 

Draw  a thermometer  representing 

Glass  tube  for  mercury;  bulb  at  base  of  tube 
Zero  point;  above  zero;  below  zero 
Degrees  from  20  below  to  212  above  zero 

Study  of  school  thermometer;  of  home  thermometer 
Thermometer 

What  does  the  thermometer  measure?  How  is  the 
temperature  measured? 

Meaning  of  thermometer,  temperature,  degree,  mer- 
cury 

Facts  to  learn 

32  degrees  = freezing  point  of  water 
68  degrees  = room  temperature 
98  degrees  = body  temperature 
212  degrees  = boiling  point  of  water 

Keep  record  of  out-door  temperature 

On  a stated  day  and  hour  each  week  for  a period  of 
a month 

Temperature  record  on  weather  chart 

(4)  Draw  lines,  squares,  rectangles  to  a scale. 

What  is  the  meaning  of  drawing  to  a scale?  Why  must 
certain  work  be  drawn  to  a scale? 
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Drawing  to  a scale 
1/4  inch  to  a foot 
Represent  3 lines,  4 feet  long 
Represent  a figure  4 feet  square 
Represent  a figure  6 feet  long  and  4 feet  wide 
1/8  inch  to  a foot 
Represent  2 lines,  24  feet  long 
Represent  a figure  16  feet  square 
Represent  a figure  19  feet  long  and  14  feet  wide 

e.  Problem  solving 

(1)  One-step  problems 

(a)  Inventory  test  to  determine  pupils’  ability  to  solve 
one-step  problems,  using  the  fundamental  opera- 
tions 

Sample  test 

Solve  these  problems.  Show  all  work  except  that 
which  can  be  done  mentally. 

An  Automobile  Trip 

Mr.  and  Mrs.  Anthony,  Harold,  and  Arnold  took  an 
automobile  trip  in  Pennsylvania.  Harold  kept  a rec- 
ord of  the  trip.  The  record  showed  that  they  travel- 
ed 235  miles  the  first  day,  200  the  second,  183  the 
third,  216  the  fourth,  and  176  the  fifth. 

How  far  did  they  travel  on  the  entire  trip? 

How  much  farther  did  they  travel  on  the  first  day 
than  on  the  second  day? 

The  record  also  showed  that  Mr.  Anthony  bought 
71  gallons  of  gasoline  at  $.19  per  gallon.  What 
was  the  cost  of  the  gasoline  used  during  the  trip? 

He  also  bought  5 quarts  of  oil  at  $.30  per  quart. 
What  was  the  cost  of  the  oil  used  during  the  trip? 

What  was  the  cost  of  the  gasoline  and  oil  used 
during  the  trip? 

Finally,  the  expense  account  listed  $16.00  for  lodg- 
ing, $34.75  for  meals,  and  $15.00  for  some  smaller 
expenses.  What  was  the  entire  cost  of  the  trip? 
What  was  the  average  cost  per  person? 

Did  the  trip  cost  more  or  less  than  $200.00?  How 
much? 

When  they  started  on  the  trip  the  speedometer 
registered  6215  miles.  What  did  it  register  on 
their  return  home? 


128 


SELECTIVE  GRADATION  OF  MATERIALS 


(b)  Make  a careful  study  of  errors  to  discover  class 
and  individual  pupil  weaknesses. 

Provide  individual  and  group  instruction  as  needed. 

(2)  Two-step  problems 

Prepare  lists  of  problems  to  be  solved. 

Set  up  a series  of  steps  for  pupils  who  have  difficulty 
solving  problems. 

Suggested  steps  for  solving  a problem 
Read  the  problem  silently. 

What  is  to  be  found? 

Decide  whether  to  add,  subtract,  multiply,  or  di- 
vide. 

Check  answer  to  see  if  it  is  reasonable. 

Suggestions  for  two-step  problems 
Bills 

Finding  change  received  in  buying  a series  of  ar- 
ticles 

Jerry  bought  this  list  of  groceries 


5 lb.  bag  of  sugar  at  $.30 

1 lb.  of  butter  at  .45 

1 lb.  of  coffee  at  .32 

1 doz.  of  oranges  at  .35 


How  much  change  did  he  receive  from  a five 
dollar  bill? 


What  change  from  a $5.00  bill  should  you  receive 
in  buying  the  following: 


1/2  bu.  potatoes  at 

$.60 

2 doz.  eggs  at 

.70 

3 cans  tomatoes  at 

.35 

2 lb.  butter  at 

.75 

Finding  the  amount  of  a bill 
of  several  articles. 

in  buying  a quantity 

What  is  the  amount  of  the  following  bill? 

2 cans  of  corn  at 

$.12  each 

2 boxes  of  crackers  at 

.10  each 

4 cakes  of  soap  at 

.05  each 

2 boxes  of  berries  at 

.15  each 
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Banking 

Tom  had  $50  in  the  bank  on  December  15.  On 
December  20  he  drew  out  $15.25.  On  January  30 
he  deposited  $10.50.  What  was  his  bank  balance 
on  January  30?  . 

On  September  1 Tom  had  $25.75  in  the  school 
bank.  On  September  12  he  deposited  $4.50, 
and  on  September  20  he  drew  out  $15.75  to  buy  a 
suit.  What  was  his  bank  balance  after  this  with- 
drawal? 


Averages — use  weight,  age,  test  marks,  attendance, 
etc. 


The  fifth  grade  attendance  record  for  the  week  of 
January  12  was 


Monday 

Tuesday 

Wednesday 

Thursday 

Friday 


— 45  present 

— 48  present 

— 42  present 

— 48  present 

— 45  present 


What  was  the  average  attendance  for  the  week? 

The  boys  on  the  junior  basketball  team  weigh  75 
lb.,  98  lb.,  84  lb.,  93  lb.,  and  85  lb.  What  is  the 
average  weight  of  the  team? 


Comparison  problems 

Mr.  Williams  receives  $58.00  pay  every  two  weeks. 
At  the  same  rate,  how  much  does  he  receive  for  18 
weeks’  work? 

Five  tons  of  coal  cost  $40.00.  How  much  will  10 
tons  cost? 


Sharing  cost  of  a party  or  outing 

Six  boys  went  on  a hike  over  the  week  end.  They 
spent  $2.48  for  equipment  and  $7.00  during  the 
trip.  How  much  should  each  pay? 

Sarah  belongs  to  a club  whose  membership  num- 
bers 18.  The  club  had  an  outing  in  June.  Thirteen 
dollars  was  spent  for  refreshments  and  carfare, 
and  three  dollars  for  prizes  to  be  given  to  the 
winners  in  the  competitive  races.  How  much  was 
each  member’s  share? 
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f.  Progress  test  of  skills  and  abilities  up  to  this  point 


Sample  Test 


Add  and  check: 

9306 

3580 

3976 

$15.26 

$29.78 

7988 

299 

2457 

.09 

31.46 

238 

78 

326 

42.70 

58.69 

79 

4675 

5762 

.98 

43.51 

Subtract  and  check: 

48967 

89000 

5871 

$170.00 

$125.62 

43243 

3796 

4987 

80.89 

48.75 

Multiply  and  check: 

4090  78  348  6097  8562  $9.34 

9 65  708  340  389  76 


Divide  and  check: 


9)54091  24)11701  37)76081  77)6468  67)5762 

Solve  these  problems 

Jack  wants  to  buy  a pair  of  skates  which  cost  $4.50.  He 
earns  $.75  a week  by  delivering  papers.  How  many  weeks 
will  it  take  him  to  earn  the  money  to  pay  for  the  skates? 
Mary  is  1/3  as  old  as  her  father  who  is  48  years  old. 
How  old  is  Mary? 

When  starting  out  on  a motor  trip  Sam’s  father  noted 
that  the  speedometer  registered  35,219  miles.  On  his  return 
home  it  registered  40,000  miles.  How  many  miles  did  they 
travel? 

Mr.  Thomas  sold  24  chickens.  They  weighed  in  all  144 
pounds.  What  was  the  average  weight  of  each  chicken? 

3.  Evidences  of  growth 

a.  Ability  to  read  and  write: 

(1)  Hindu-Arabic  numbers,  nine  figures 

(2)  United  States  money  to  $10,000.00 

(3)  Roman  numerals  to  C 

b.  Ability  to  add  four  two-,  three-,  or  four-place  numbers 

c.  Ability  to  subtract  two-,  three-,  and  four-place  subtrahends 
from  three-,  four-,  and  five-place  minuends 

d.  Ability  to  multiply  a three-figure  multiplicand  by  a three- 
figure  multiplier 
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e.  Ability  to  divide  a four-place  number  by  a one-place  number 
with  no  carrying,  no  borrowing,  or  no  remainder 

f.  Ability  to  da  more  difficult  division  with  carrying,  borrowing, 
and  a remainder 

g.  Ability  to  use  intelligently  the  arithmetical  words  and  phrases 
connected  with  the  work  as  outlined 

h.  Ability  to  draw  lines  and  rectangles  to  a scale 

i.  Ability  to  solve  one-  and  two-step  problems  involving  the 
fundamental  processes  of  addition,  subtraction,  multiplication, 
and  division 
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E.  FIFTH  GRADE 

1.  Scope  of  skills  and  abilities 

a.  Reading  and  writing  numbers 

(1)  Skills  and  abilities  listed  for  previous  grades 

(2)  Vocabulary 

b.  Fundamental  operations 

Skills  and  abilities  listed  for  previous  grades 

(1)  Addition 

(2)  Subtraction 

(3)  Multiplication 

(4)  Division 

c.  Fractions 

(1)  Vocabulary 

(2)  Skills  and  abilities  listed  for  previous  grades 

(3)  Addition 

Like  fractions;  sum  less  than  one;  no  reduction 

Like  fractions;  sum  equal  to  one 

Like  fractions;  sum  less  than  one;  reduction 

Like  fractions;  sum  more  than  one 

Whole  numbers  and  fractions 

A mixed  number  and  fraction;  like  fractions 

Two  mixed  numbers;  like  fractions 

Unlike  fractions;  sums  less  than  one 

Unlike  fractions;  sums  more  than  one 

Common  denominator;  a product  of  a common  multiple 

(4)  Subtraction 

Fractional  combinations 

Basic  skills  and  abilities  previously  listed 

Like  fractions;  minuend  less  than  one;  no  reduction 

Like  fractions;  minuend  less  than  one;  reduction 

Minuend  one 

Like  denominators;  mixed  number  and  a fraction; 
reduction  combinations 

Unlike  fractions;  minuend  less  than  one;  no  reduction 
Unlike  denominators;  mixed  numbers  and  fractions; 
no  reduction 

Whole  numbers  from  mixed  numbers 

Mixed  number  from  a mixed  number;  no  borrowing 

Mixed  number  from  a mixed  number;  borrowing 
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(5)  Multiplication 

Vocabulary 

Procedures  to  be  followed 
Fractions  multiplied  by  fractions 
Whole  numbers  multiplied  by  mixed  numbers 
Mixed  numbers  multiplied  by  whole  numbers 
Fractions  multiplied  by  mixed  numbers 
Mixed  numbers  multiplied  by  fractions 
Mixed  numbers  multiplied  by  mixed  numbers 

(6)  Division 

Vocabulary 

Procedures  to  be  followed 
Fraction  divided  by  a whole  number 
Whole  number  divided  by  a fraction 
Mixed  number  divided  by  a whole  number 
Whole  number  divided  by  a mixed  number 
Mixed  number  divided  by  a fraction 
Fraction  divided  by  a mixed  number 
Mixed  number  divided  by  a mixed  number 

d.  Denominate  numbers 

(1)  Vocabulary 

(2)  Procedures  to  be  followed 

(3)  Addition 

No  carrying 
Carrying 

(4)  Subtraction 

No  borrowing 
Borrowing 

(5)  Multiplication 

No  carrying 
Carrying 

(6)  Division 

Even 

Uneven 

2.  Suggested  topics  and  procedures 
a.  Reading  and  writing  numbers 

(1)  Survey  testing  of  skills  and  abilities  listed  for  previous 
grades 
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(2)  Provide  practice  needed 

(3)  Vocabulary 

units  tens  hundreds 

thousands  ten-thousands  hundred-thousands 

millions  ten-millions  hundred-millions 

b.  Fundamental  operations 

Material  for  survey  testing  and  for  improving  skills  and 
abilities  listed  for  previous  grades 

(1)  Addition 

Test  to  find  the  addition  combinations  missed  most 
frequently.  Individuals  who  miss  combinations  that 
the  group  answers  correctly  should  have  individual 
teaching.  The  combinations  may  be  presented  sev- 
eral ways  such  as  flash  cards,  written  on  blackboard, 
mimeographed,  and  in  statement  problems. 

Use  the  same  procedure  with  bridging  combinations 
as  outlined  above  for  the  combinations.  The  com- 
binations are  in  the  third  grade  of  this  course  of 
study. 

The  same  procedure  may  be  used  for  the  upper  dec- 
ade combinations  also.  They  are  in  the  fourth  grade. 
Column  addition.  Examples  and  problems 

No  carrying 

Our  school  held  an  exhibition  for  three  nights.  The 
first  night  116  parents  came;  the  second  night  211; 
the  third  night  321.  How  many  parents  came  to 
the  exhibition? 


323 

251 

4221 

615 

326 

2416 

112 

1251 

2111 

Carrying  from  units  place 


Helen  sold  $4.16  worth  of  tickets  for  our  school  play; 
Mary  sold  $3.22;  Alice  sold  $1.33.  How  much  money 
have  all  three? 


456 

251 

4223 

3112 

534 

226 

2414 

1314 

218 

1245 

3123 

2111 

1323 

1114 
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Carrying  from  tens  place 

A load  of  coal  weighs  2425  pounds.  Another  weighs 
1290  pounds.  How  many  pounds  do  both  loads 
weigh? 

253  154 

2432 

3121 

492  283 

1153 

1341 

521 

3153 

3123 

2211 

1232 

1141 

Carrying  from  units  and  tens  place 

During  the  Memorial  Day  parade,  there  were  256 
children  from  fourth  grade,  534  children  from  fifth 
grade,  and  143  children  from  sixth  grade.  How  many 
children  were  marching  from  the  three  grades? 

257  498 

2598 

1256 

495  176 

1187 

2215 

169 

2169 

3271 

3112 

1123 

2114 

Carrying  in  alternate  places 

A farmer  raised  4327  bushels 
bushels  of  peaches.  How  many 
he  raise? 

of  apples  and  1818 
bushels  of  fruit  did 

5426  5158 

4327 

4324 

2637  2918 

1412 

1436 

1918 

2718 

1716 

1321 

1412 

1103 

Carrying  into  zero 

We  drove  our  automobile  8,407  miles  last  year.  This 


year  we 

drove  it  7,308  miles. 

How  many 

we  drive 

in  both  years? 

506 

306 

4027 

4304 

208 

208 

1063 

1406 

209 

2018 

1407 

1041 

1402 

1203 
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Carrying  in  broken  columns 

James  collected  306  stamps;  Harry  142;  Jack  54; 
John  1,426;  and  Frank  9.  How  many  stamps  do  the 
boys  have  altogether? 


598 

584 

35 

607 

613 

2 

26 

185 

30 

1421 

20 

20 

4 

79 

2 

63 

130 

2 

6 

7 

2104 

54 

314 

United  States  money 


Last  month  Harry  earned  $1.65,  $1.40,  $1.35,  and 
$1.75  mowing  lawns.  What  sum  did  he  earn  during 
the  month? 


$.01 

$.60 

$.25 

$4.89 

$1.65 

$.93 

.04 

.04 

.54 

.26 

2.64 

.03 

.03 

.20 

.72 

.05 

7.28 

.01 

8.08 

6.53 

.79 

47 

Note:  The  teacher  should  make  additional  problems 
involving  the  skills  developed  in  the  foregoing. 

Directions  and  questions  to  help  pupils  solve  state- 
ment problems 

Read  the  problem  carefully. 

What  does  the  problem  ask? 

What  does  the  problem  tell  that  will  aid  in  an- 
swering this  question? 

Are  there  any  unnecessary  facts? 

How  are  you  to  find  the  answer? 

What  is  the  approximate  answer?  Work  the 
problem. 

Is  your  answer  correct? 

(2)  Subtraction 

The  vocabulary  for  subtraction  is  in  grades  two  and 
three.  Give  pupils  an  opportunity  to  renew  their  ac- 
quaintance with  these  words. 

A test  on  subtraction  will  show  the  combinations  and 
other  difficulties  which  need  to  be  taught  to  the  class 
or  to  individuals.  The  test  may  be  dictated,  mimeo- 
graphed, or  written  on  the  blackboard.  A dictation 
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test  is  a quick  way  to  find  the  combinations  which 
must  be  retaught.  The  mimeographed  and  written  tests 
are  more  suitable  for  finding  other  difficulties  such  as 
borrowing,  zero,  breaks  in  attention. 

Combinations  prerequisite  to  short  division  may  be 
tested  by  dictation  also. 

Subtraction  of  two-,  three-,  four-,  and  five-place  sub- 
trahend from  two-,  three-,  four-,  and  five-place  minu- 
end 

Subtraction  problems  and  examples 
No  borrowing 

Helen  is  54  inches  tall.  Her  sister  is  32  inches  tall. 
Find  the  difference  between  the  heights  of  the  two 
girls. 

Henry  had  234  marbles  and  lost  132  of  them.  How 
many  marbles  did  he  have  left? 

36  736  9876  75432 

24  314  7153  42302 


Borrowing  in  units 

A plane  traveled  231  miles  in  one  hour  and  127  miles 
in  another  hour.  How  many  more  miles  did  it  go  in 
one  hour  than  in  the  other  hour? 

58  681  5673  94362 

29  125  1459  74148 


Borrowing  in  tens  place 

Mary  has  a book  which  contains  335  pages.  She  has 
read  192  pages.  How  many  more  pages  does  she 
need  to  read? 

Mary  weighs  63  pounds.  She  should  weigh  71 
pounds.  How  many  more  pounds  does  she  need 
to  gain? 

643  6915  48934 

391  1873  32573 


Borrowing  in  units  and  tens  place 
John’s  mother  weighs  146  pounds.  His  father 
weighs  211  pounds.  How  many  more  pounds  does 
his  father  weigh  than  his  mother? 

632  8654  57373  $272.61 

175  6295  36187  141.95 
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Borrowing  in  hundreds  place 

Mary  collected  1316  stamps.  She  gave  612  of  them 
to  her  sister.  How  many  stamps  did  she  have  left? 

4183  69745  $372.78 

1742  45943  217.56 


Borrowing  in  three  places 

A Kansas  farmer  raised  3271  bushels  of  wheat  and 
sold  1292  bushels.  How  many  bushels  did  he  have 
left? 

7321  6142  42598  $392.04 

1688  3787  30699  267.48 


Zero  at  end  of  the  minuend;  borrowing 

Frank  had  450  marbles.  He  gave  296  of  them  to  his 
brother.  How  many  marbles  did  he  have  left? 

250  4320  4280  $138.40 

184  1118  1791  56.95 


Double  zeros  in  the  minuend 

We  drove  our  automobile  3600  miles  last  year.  This 
year  we  drove  it  3421  miles.  How  many  more  miles 
did  we  drive  last  year  than  this? 

$1.00  600  4200  $5.00  $10.00 

.89  496  1438  1.29  6.95 


Other  zeros  in  the  minuend 

One  load  of  coal  weighs  4060  pounds.  Another  load  . 
weighs  3275  pounds.  What  is  the  difference  between 
the  two  loads? 

6040  6604  5004  303  $70.08  $100.00 

4387  1826  1686  187  41.29  72.35 


Zeros  in  both  terms 

One  mountain  is  3001  feet  high.  Another  is  2460 
feet  high.  Which  is  higher?  How  many  feet  higher 
than  one  is  the  other? 

9001  4030  800  6100  $100.00 

6580  2050  208  1008  70.05 
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(3)  Multiplication 

The  vocabulary  for  multiplication  is  in  grade  three. 
It  is  helpful  for  children  to  review  the  terms  of  multi- 
plication. 

Dictate  the  multiplication  combinations  to  find  those 
that  must  be  retaught. 

Multiplication  of  two-,  three-,  and  four-place  multipli- 
cands by  one-,  two-,  and  three-place  multiplier 

Multiplication  problems  and  examples 
No  carrying 

If  an  automobile  travels  32  miles  in  one  hour,  how 
far  will  it  travel  in  three  hours? 

If  one  box  contains  322  books,  how  many  books  are 
there  in  four  boxes? 

Carrying  from  units  place;  two-place  product 
Alice  picked  18  quarts  of  cherries  one  day.  How 
many  quarts  of  cherries  did  she  pick  in  four  days? 

Carrying  from  units  place;  three-place  product 
Helen  has  73  stamps.  Her  brother  says  that  he  has 
4 times  as  many.  How  many  does  her  brother  have? 

Carrying  from  units  place;  three-place  multiplicand 
An  airplane  travels  215  miles  an  hour.  How  far  will 
it  travel  in  6 hours? 

Carrying  from  tens  place 

Joseph  sells  421  papers  a week.  How  many  does  he 
sell  in  7 weeks? 

Carrying  in  alternate  places 

A train  traveled  3514  miles  in  a week.  How  far 
did  it  travel  in  4 weeks? 

Zero  at  end  of  multiplicand 

If  you  practice  on  the  piano  20  hours  a week,  how 
many  hours  will  you  practice  in  4 weeks? 

Zero  in  middle;  no  carrying 

Mary  sold  102  Christmas  seals.  Harry  sold  4 times 
as  many.  How  many  did  Harry  sell? 

Double  zero 

John  sold  200  papers  in  a week.  Henry  sold  4 times 
as  many.  How  many  papers  did  Henry  sell? 
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Middle  zero;  carrying 

I counted  207  bags  of  sugar  on  the  store  counter. 
Each  bag  contained  5 pounds.  How  many  pounds  of 
sugar  were  in  all  the  bags? 

Double  zero;  carrying 

A farmer  sold  3005  bushels  of  apples  this  year.  He 
sold  5 times  as  many  last  year.  How  many  bushels 
of  apples  did  he  sell  last  year? 

Alternate  zeros;  carrying 

A boat  traveled  3050  miles  in  one  week.  How  far 
did  it  travel  in  6 weeks? 

Multiplication  by  two-  and  three-place  multipliers 
involves  three  additional  skills 

Ability  to  place  partial  products  correctly 
Ability  to  allow  for  zeros  in  the  multiplier 
Ability  to  add  partial  products 


The  following  exercises  require  these  abilities: 


32 

412 

320 

612 

312 

21 

28 

22 

30 

40 

412 

3004 

52 

24 

369 

103 

72 

93 

85 

78 

849 

708 

608 

9080 

143 

490 

796 

705 

823 

596 

The  following  exercises 

help  to 

locate 

pupil  difficul 

ties  in  solving  problems: 
Problems  with  facts  missing 
Problems  without  numbers 
Naming  processes 
Finishing  problems 


(4)  Division 

Vocabulary 
contained  into 
divide 
divided  by 
dividend 
division 


divisor 
how  many 
quotient 
remainder 
trial  divisor 


Dictate  short  division  combinations,  even  and  uneven, 
to  find  those  which  are  missed  most  frequently. 
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Test  pupils’  ability  to  divide  three-  and  four-place 
dividends  by  one-place  divisors.  Such  a test  may  in- 
clude exercises  printed  for  grade  four  under  short  di- 
vision. Reteach  the  steps  of  difficulty  in  long  division. 
They  are  outlined  in  grade  four  and  each  step  has  a 
number  of  exercises. 


c. 


Fractions 

(1)  Vocabulary 

addends 

reduce 

common  denominator 

reduction 

denominator 

related 

form 

sum 

fraction 

terms 

improper  fraction 

unit 

like  denominators 

unlike  denominators 

mixed  numbers 

value 

numerator 

whole  numbers 

proper  fraction 

(2)  Survey  test  and  needed  practice 
Reading  and  writing  fractions 


Match  the  following: 


one-half 

1/5 

one-third 

3/4 

one-fifth 

4/5 

one-eighth 

1/3 

four-fifths 

5/6 

seven-eighths 

1/8 

five-sixths 

5/16 

three-fourths 

7/8 

five-sixteenths 

1/2 

Compare  the  following: 

Which  is  larger? 

1/3  or  1/9  1/8  or  1/32 

1/4  or  1/16  1/4  or  1/12 


Which  is  smallest? 

1/8,  1/3,  1/6,  1/2,  1/4,  1/5 


1/6  or  1/10 
1/2  or  1/4 


What  do  the  following  fractions  mean? 
2/3,  5/8,  3/10,  1/2,  3/4,  5/6,  1/3,  3/8 


142 


SELECTIVE  GRADATION  OF  MATERIALS 


(3)  Addition 

For  many  children,  fractions  are  a major  obstacle. 
Children  do  not  understand  the  meaning.  They  do  not 
have  sufficient  visual  concrete  experience  with  quanti- 
ties less  than  one.  The  procedure  used  to  develop  their 
ideas  about  number  concepts  in  grade  one  can  and 
should  be  used  to  develop  their  ideas  about  fractional 
parts.  Visual  concrete  fractions  should  be  used  not  only 
to  help  identify  fractions,  but  they  should  be  used  to 
demonstrate  combining  fractions.  For  example,  the 
combination  of  one-half  and  one-half  may  be  demon- 
strated by  combining  the  two  halves  of  an  apple.  At 
least  the  idea  of  adding  fractions  should  grow  out  of 
visual  concrete  experience.  Similarly  the  concept  of 
fractional  equivalents  must  be  developed  more  care- 
fully than  is  the  custom.  Otherwise  we  must  go  on 
teaching  children  to  change  fractions  to  a common  de- 
nominator without  the  process  having  meaning.  The 
change  is  a matter  of  experience  instead  of  blindly  fol- 
lowing mathematical  procedure.  After  combining  frac- 
tions has  a meaning  and  is  a part  of  a child’s  educa- 
tional experience,  he  may  be  taught  combinations  of 
halves,  fourths,  and  eighths  and  halves,  thirds  and 
sixths.  Other  combinations  of  fractions  may  be  taught 
by  the  common  denominator  method.  Furthermore, 
some  children  do  not  add  fraction  combinations 
readily,  and  they  may  be  taught  the  common  denomi- 
nator method.  In  most  classes,  the  thoroughness  of 
the  visual  concrete  work  determines  the  number  of 
children  who  must,  for  example,  change  one-half  to 
two-fourths  before  adding  it  to  one-fourth. 


Fractional  combinations 

Halves,  fourths,  and  eighths;  and  halves,  thirds,  and 
sixths 

1/2  1/2  1/2  1/2  1/2  1/2  1/2  1/4  1/4  1/4  1/4  1/4 

1/2  1/4  3/4  1/8  3/8  5/8  7/8  1/2  1/4  3/4  1/8  3/8 

1/4  1/4  1/8  1/8  1/8  1/8  1/8  1/8  1/8  3/4  3/4 

5/8  7/8  1/2  1/4  3/4  1/8  3/8  5/8  7/8  1/2  1/4 

3/4  3/4  3/4  3/4  3/4  3/8  3/8  3/8  3/8  3/8  3/8  3/8 

3/4  1/8  3/8  5/8  7/8  1/2  1/4  3/4  1/8  3/8  5/8  7/8 


143 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


5/8  5/8  5/8  5/8  5/8  5/8  5/8  7/8  7/8  7/8  7/8  7/8 

1/2  1/4  3/4  1/8  3/8  5/8  7/8  1/2  1/4  3/4  1/8  3/8 

7/8  7/8  1/3  1/2  1/2  1/2  1/2  1/3  1/3  1/3  1/3 

5/8  7/8  1/2  2/3  1/6  5/6  1/3  1/3  2/3  1/6  5/6 

2/3  2/3  2/3  2/3  2/3  1/6  1/6  1/6  1/6  5/6  5/6 

1/2  1/3  2/3  1/6  5/6  1/2  1/3  1/6  5/6  1/2  1/3 

5/6  5/6  5/6 
2/3  1/6  5/6 

Like  fractions;  sum  less  than  one.  No  reduction 

Add  the  numerators  and  place  the  sum  over  the 

denominator. 

1/3  1 third  1/5  1 fifth  2/8  2 eighths 

1/3  1 third  3/5  3 fifths  5/8  5 eighths 


John  was  getting  his  garden  ready  for  planting.  On 
Monday  he  spaded  1/3  of  the  plot  and  on  Tuesday 
he  spaded  1/3  more.  What  part  of  the  plot  did  he 
spade  in  two  days? 

1/3  1/4  1/8  1/5  3/5  4/6  3/8  5/8 

1/3  2/4  2/8  3/5  1/5  1/6  2/8  2/8 


Like  fractions;  sum  equal  to  one 
Fractional  equivalents  to  one 


1 = halves  or  1 — 2/2 

1 = thirds  or  1 = /3 

1 = fourths  or  1 = /4 

1 = sixths  or  1 = /6 

1 = eighths  or  1 = /8 

2/2  = 4/4  = 8/8  = 

3/3  = 6/6  = 5/5  = 


Combinations 

1/2  1/3  3/8  7/8  3/4  2/3  5/8  1/8  1/4  1/6  5/6 
1/2  2/3  5/8  1/8  1/4  1/3  3/8  7/8  3/4  5/6  1/6 
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Like  fractions;  sum  less  than  one.  Reduction 


Reduction  of  fractions  to  lowest  terms.  Previously 
folded  rectangles  help  children  to  understand. 


How  many  fourths  equal  1/2? 
How  many  eighths  equal  1/2? 
How  many  eighths  equal  1/4? 
How  many  sixths  equal  1/2? 
How  many  sixths  equal  1/3? 


2/4  = 1/2 
4/8  = 1/2 
2/8  = 1/4 
3/6  = 1/2 
2/6  = 1/3 


Dividing  both  terms  of  a fraction  by  the  same  num- 
ber does  not  change  the  value  of  a fraction. 


Divide  both  terms  by  2 
2/4,  2/6,  4/6,  6/8,  2/8 

Divide  both  terms  by  3 
3/6,  3/9,  6/9,  3/12,  9/12 
Divide  both  terms  by  4 
4/8,  4/12,  8/12,  4/16,  12/16 

What  number  will  divide  both  terms  of  the  follow- 
ing: 

4/8,  2/8,  2/4,  4/6,  2/6,  5/10,  6/8 
Combinations 

1/4  1/8  1/8  1/8  3/8  3/8  5/8 

1/4  1/8  5/8  3/8  1/8  3/8  1/8 


1/6  5/6  1/6 
1/6  1/6  5/6 


Like  fractions;  sum  more  than  one 

In  doing  her  home  work,  Jane  spent  1/4  of  an  hour 
on  spelling,  1/4  of  an  hour  on  arithmetic,  and  3/4 
of  an  hour  on  English.  How  much  time  did  she 
spend  in  all? 

Ask  pupils  to  name  some  fractions.  They  may  name: 
1/2,  1/4,  3/4,  1/8,  3/8,  5/8,  1/6,  5/6.  These  are 
proper  fractions.  A good  question  is,  “In  what  way 
are  all  these  fractions  the  same?” 

Then  the  teacher  may  write  on  the  board:  3/2,  5/2, 
4/3,  7/3,  7/6,  5/4,  6/4,  9/3.  These  are  improper 
fractions.  Again  ask  the  question,  “In  what  way 
are  all  these  the  same?”  Another  way  to  write  these 
improper  fractions  is  to  change  them  to  mixed  num- 
bers: 

3/2  = 1 1/2,  5/2  = 2 1/2,  4/3  = 1 1/3,  7/3  = 2 1/3, 
7/6  = 1 1/6,  5/4  = 1 1/4 
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Combinations 

Pupils  can  learn  these  fractions  as  combinations 
quite  easily.  The  long  way  to  add  them  is  to  get  an 
improper  fraction  and  change  it  to  a mixed  number. 

3/4  5/8  5/8  7/8  7/8  7/8  3/8  2/3  5/6 

3/4  5/8  7/8  5/8  7/8  3/8  7/8  2/3  5/6 


Whole  number  and  fraction 

1 + 1/2  = 1/2  + 1 = 2 + 5/6  = 5/6  + 2 = 

4 + 3/8  = 3/8  + 4 = 7 + 2/3  = 2/3  + 7 = 

9 + 7/8=  7/8  + 9=15  + 1/6=  1/6  + 15  = 


A mixed  number  and  fraction;  like  fractions 


1 1/8 
3/8 

1/4 
2 1/4 

3 3/8 
3/8 

1/8 
7 1/8 

4 5/6 
1/6 

6 1/6 
1/6 

2 3/4 
3/4 

5/8 
9 5/8 

7 7/8 
7/8 

5 3/8 
7/8 

4 5/8 
3/8 

8 2/3 
2/3 

Two  mixed  numbers;  like 

fractions 

3 1/4 
2 1/4 

5 1/8 
2 1/8 

12  1/8 
4 3/8 

9 3/8 
8 3/8 

6 5/8 
2 1/8 

12  1/6 
11  1/6 

2 5/6 
9 1/6 

5 3/4 
4 3/4 

7 5/8 
3 5/8 

12  7/8 
5 7/8 

9 5/8 
4 7/8 

8 5/8 
8 3/8 

10  2/3 
5 2/3 

7 5/6 
4 5/6 

Unlike  fractions;  sums  less  than  one 

Both  terms  of  a fraction  may  be  multiplied  by  the 
same  number. 

Multiply  both  terms  by  3 

1/2,  1/3,  2/3,  1/4,  3/4,  1/5,  4/5 

Multiply  both  terms  by  4 

1/2,  1/3,  2/3,  1/4,  3/4 

Complete  the  following: 


1/2  = 

/6 

1/4  = 

/8 

1/2  = 

/4 

3/4  = 

/8 

2/3  = /6 

1/2  = 

/8 

1/3  = 

/6 
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Change  to  sixths 
1/2,  1/3,  2/3 

Change  to  eighths 
1/4,  1/2,  3/4 

James  spent  1/4  of  his  money  for  toys  and  1/2  for 
books.  What  part  of  his  money  did  he  spend? 


Short  way 
1/2  + 1/4  = 3/4 


Combinations 


Long  way 

1/2  = 2/4 
1/4  1/4 

3/4 


1/2  1/4  1/2  1/2  1/4  1/4  1/4  1/8  1/8  1/8  3/4 
1/4  1/2  1/8  3/8  1/8  3/8  5/8  1/2  1/4  3/4  1/8 


3/8  3/8  5/8  1/2*  1/2  1/3*  1/3  1/6  1/6 

1/2  1/4  1/4  1/3  1/6  1/2  1/6  1/2  1/3 


Mixed  numbers 


3 1/3  7 1/2  5 1/2  7 1/4  11  1/4  9 1/4  83/4 

2 1/4  3 1/8  6 3/8  5 1/8  8 3/8  6 5/8  4 1/8 


Unlike  fractions;  sum  more  than  one 

Combinations 

1/2  1/2  1/2  1/4  3/4  3/4  3/4  3/4  5/8 

7/8 

7/8 

3/4  5/8  7/8  7/8  1/2  3/8  5/8  7/8  3/4 

1/2 

3/4 

1/2*  1/2  1/3  2/3*  2/3  2/3  5/6 

5/6 

5/6 

2/3  5/6  5/6  1/2  2/3  5/6  1/2 

1/3 

2/3 

Common  denominator;  a product  of  a common  multiple 


1/2  1/2  2/3 

1/3 

2/3 

1/9 

5/6 

1/3  2/3  1/2 

(4)  Subtraction 

Fractional  combinations 

1/4 

3/4 

1/6 

4/9 

1 3 5 7 1 1 3 

3 5 

7 3 

7 1 

1 

3 

2 4 8 8 2 4 4 

8 8 

8 4 

8 2 

4 

4 

11111111113  3 111 

222244444444888 


* Combinations  differ  from  others.  May  require  special  attention. 
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1 

8 

1 

8 

1 

2 

1 

3 


3 5 7 1 3_  ! 7 3_  5_  I 1 

888248884888 
II  L 33333555  7 

38_8_8_8  _8_8_8_8_8_§_8 

233333366666 

1 1 1 1 1_  2 1_  1_  1_  I I 5 

636233662366 


1111 

111  1 1 1 1 1 1 1 1 1-1-1—  1- 

8 8 8 8 

113135712151  133 

24488883  3662  4 48 


1 

1 

1 

1 

1 

1 

1 

3 

3 

1 - 

1- 

1 - 

1 - 

1 - 

1- 

1 - 

1 - 

1- 

8 

8 

4 

4 

4 

4 

4 

8 

8 

5 

7 

1 

3 

3 

5 

7 

1 

5 

8 

8 

2 

4 

8 

8 

8 

2 

8 

3 

1 

1 

1 

1 

1 

5 

5 

3 

1 - 

1 - 

1 - 

1 - 

1- 

1 - 

1 - 

1 - 

1- 

8 

2 

2 

2 

2 

2 

8 

8 

4 

7 

3 

5 

7 

2 

5 

3 

7 

7 

8 

4 

8 

8 

3 

6 

4 

8 

8 

1 

1 

1 

1 

1 

1 

1 

1- 

1 - 

1- 

1 - 

1 - 

1 - 

1- 

6 

6 

6 

6 

3 

3 

3 

1 

1 

2 

5 

1 

2 

5 

2 

3 

3 

6 

2 

3 

6 

Inventory  test 

Group  like  fractions:  Reduce  to  lowest  terms: 


I M 7 2 5 3 5 1 
6,  3,  2,  8,  3,  6,  4,  8,  4 


2 2=  3_  _5 

4 6 6 10 

6=  4 6 _ 

9 8 8 — 

2 = _9_  3_ 

8 _ 12  9 
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Like  fractions;  minuend  less  than  one;  no  reduction 


Combinations 

113  13 

5 7 

1 2 

2 

1 

5 

2 4 4 8 8 

8'  8' 

3 3 

3 

6 

6 

113  13 

5 7 

1 1 

2 

1 

5 

2 4 4 8 8 

8 8 

3 3 

3 

6 

6 

Like  fractions;  minuend  less  than  one;  reduction 

Reduction  of  fractions  to  lowest  terms  may 

be  demon- 

strated  by  folding  paper. 

Reduce 

2 2 4 6 2 

4 8 8 8 8 

Combinations 

3 3 5 7 5 

7 7 

5 

4 8 8 8 8 

8 8' 

6 

11113 

3 5 

1 

4 8 8 8 8 

8 8 

6 

Minuend  one 

Demonstrate  the  number 

of  halves, 

thirds,  fourths, 

sixths,  and  eighths 

in  one. 

Combinations 

1111 

1 1 

1 

1 

1 

1 1 

113  1 

3 

5 7 

1 

2 

1 5 

2 4 4 8 

8 

8 8 

3 

3 

6 6 

Doris  had  $1.00. 

She  spent 

1/4 

of  a 

l dollar,  a 

quarter.  How  much  did  she  have  left? 

Like  denominators;  mixed  number  and 

a fraction;  re- 

duction  combinations 
3 1 1 

3 

5 

1 

1 

1 - 

1 - 

1 - 

1 - 

1 - 

1 - 

1 - 

8 

8 

8 

8 

8 

6 

3 

5 

5 

7 

7 

7 

5 

2 

— 

— 

— 

— 

— 

— 

— 

8 

8 

8 

8 

8 

6 

3 

John  has  a rope  6 1/3  yards  long.  He  cut  off  2/3 
of  a yard.  How  long  was  the  remaining  piece  of 
rope? 
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Change  to  improper  fractions  if 
13  13 

7-  6-  4-  3- 

8 8 8 8 


necessary 
5 1 

1 - 3- 

8 6 


1 

4- 

3 


5 5 


7 7 7 5 2 


8 8 8 8 8 


3 


Unlike  fractions;  minuend  less  than  one;  no  reduction 


3 

4 
1 
2 


5 

8 

1 

2 


7 

8 
1 
2 


1 

2 

1 

4 


3 
8 
1_ 

4 


5 

8 

1 

4 


7 

8 

4 


7 

8 

3 

4 


1 

2 

1 

8 


Reduction 

1 2 5 

2 3 6 

111 

_6  _6  _2 

Mrs.  Smith  had  3/4  of  a custard  pie.  Bob  and 
she  each  ate  1/4  for  lunch.  What  part  of  the  pie 
remained? 


Unlike  denominators;  mixed  number  and  fraction;  no 


reduction 

Combinations 
1 1 

1-  1- 

8 8 

1 1 

2 

1 1 

1-  1- 
2 2 

5 3 

8 4 


1 1 

1-  1- 

4 4 

1 3 

2 8 

1 5 3 

1-  1-  1- 

2 8 4 

7 3 7 

_8 
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1 1 3 

1-  1-  1- 

4 4 8 

5 7 1 

8 8 2 

1 1 1 

1-  1-  1- 

6 3 2 

1 1 2 

3 2 3 
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Reduction  combinations 

3 

3 

1 

1 

1 

1 

1- 

1- 

1- 

1- 

1- 

1- 

8 

8 

6 

6 

3 

2 

5 

7 

1 

2 

5 

5 

8 

8 

2 

3 

6 

6 

Change  to  improper  fractions 
nominator  if  necessary. 

and  use 

common 

de- 

1 

1 

1 1 

5 

3 

1 

8- 

5- 

7-  3- 

6- 

2- 

5- 

8 

4 

4 4 

8 

4 

6 

1 

1 

3 3 

3 

7 

1 

2 

2 

4 8 

4 

8 

3 

Whole  number  from  mixed  number 

We  took  7 1/2  dozen  buns  on  our  picnic,  but  we  used 
only  7 dozen.  What  part  of  a dozen  was  left? 


1 

CO 

5 

1 

2 

7 

CD 

1 

6- 

5- 

1 

CO 

4- 

7- 

2 

4 

6 

6 

3 

00 

7 

2 

4 

2 

j CO 

5 

Mixed  number  from  a mixed  number;  no  borrowing 

Chester  and  Dudley  walked  to  the  Oaks  Farm  in 
11/4  hours  but  they  took  1 3/4  hours  to  go  home. 
How  much  longer  did  they  take  to  walk  home? 


7 1 3 

4-  2-  15- 

8 2 4 

3 1 1 

2-  1-  12- 

8 2 8 


6 

1 

9- 

3 


3 


15- 


4 

1 

7- 

4 


Mixed  number  from  a mixed  number;  borrowing 


Sam  weighs  84  1/4  pounds.  John  weighs  79  3/4 
pounds.  How  much  more  does  Sam  weigh  than  John? 
Change  to  improper  fraction  and  common  denomina- 
tor if  necessary. 


3 

9- 

8 

3 

6- 

4 


5 

7- 

8 

7 
4- 

8 


2 

3- 


3 

5 

1- 

6 


1 1 1 

9-  7-  15- 

6 4 8 

1 3 3 

2-  5-  9- 

3 8 4 
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(5)  Multiplication 
Vocabulary 

cancel  multiplicand 

cancelling  multiplier 

cancellation  product 

times 

Suggestions  relative  to  procedure 

Fractions  need  not  be  reduced  to  a common  denomi- 
nator before  multiplying. 

Stress  the  fact  that  “of”  means  “times.”  1/2  of  4 is 
the  same  as  1/2X4  or  one-half  times  four. 

The  product  of  the  numerators  gives  the  numerator 
of  the  answer,  and  the  product  of  the  denominators 
gives  the  denominator  of  the  answer. 

Practice  reducing  mixed  numbers  to  improper  frac- 
tions. 1 1/2  equals  3/2.  4 3/4  equals  19/4. 

A whole  number  may  be  expressed  with  a denomina- 
tor of  1.  6 equals  6/1.  5 equals  5/1. 

Stress  the  fact  that  all  answers  must  be  expressed  in 
simplest  form. 

Much  emphasis  should  be  placed  on  problem  solving, 
using  the  multiplication  of  fractions. 

Work  with  fractions  which  are  commonly  used,  such 
as  1/2,  1/4,  1/8,  1/32,  1/3,  1/6,  1/12,  1/5,  1/10. 

Stress  the  importance  of  paying  attention  to  signs 
before  beginning  work. 

In  the  multiplication  of  whole  numbers  by  mixed 
numbers  special  attention  should  be  given  to  the 
placement  of  the  partial  products. 


Use  the  following  procedure: 

Fractions  multiplied  by  whole  numbers 


1 3 1 

3 X - = - 5 X - 

4 4 10 

3 21  1 

7 X - = — - 5- 

4 4 4 


5 1 

10  2 


Problem:  Edith  wants  to  make  6 tea  towels  for 

her  mother’s  birthday.  Each  towel  will  take 
2/3  of  a yard  of  material.  How  many  yards 
will  Edith  need? 
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Whole  numbers  multiplied  by  fractions 


1 

4 

2 

3 


of  8 


8 

4 


1 

- of  3 

9 


3 

9 


32  2 

of  16  = — = 10- 
3 3 


1 

3 


Problem:  Sally’s  mother  is  buying  her  2/3  yd. 
of  hair  ribbon  at  $.60  a yard.  How  much  must 
Sally’s  mother  pay  for  the  ribbon? 

Teach  cancellation,  which  is  merely  a short  cut 
method  of  reduction  before  the  respective  multi- 
plications. 


Fractions  multiplied  by  fractions 

Problem:  We  made  3/4  of  a gallon  of  ice  cream. 

Mother  served  2/3  of  it  for  lunch.  What  part  of  a 
gallon  did  she  serve? 

11118  2 1 7 7 

2 364992  10  20 


How  to  cancel 

Canceling  means  reducing  before  you  multiply. 
It  is  a short  way.  Each  time  the  numerator  is 
divided  by  a number,  the  denominator  must  be 
divided  by  the  same  number. 


1 1 

IS  14  3 3 

4 5 10  5 4 5 

2 1 


2 1 

4 5 2 

- X - = - 
4 4 3 

1 3 


Whole  numbers  multiplied  by  mixed  numbers 

Problem:  Joe  helped  his  father  with  the  garden  dur- 
ing vacation.  At  the  end  of  the  first  week,  Joe  said, 
“I  have  hoed  3 1/2  rows  a day  for  6 days.”  How 
many  rows  had  Joe  hoed? 

Always  change  mixed  numbers  to  improper  fractions 
and  cancel  when  you  can. 


1 

6X3- 

2 

1 

7 X 4- 
2 


7 

= 6X-  = 

2 

9 

= 7 X - = 

2 


42 

2 

63 


21 


1 


31  - 


2 
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Mixed  numbers  multiplied  by  whole  numbers 

Problem:  Fred  is  going  to  get  2 1/2  qts.  of  ice  cream 
at  $.50  a quart  for  his  mother’s  birthday  dinner. 
How  much  money  should  he  take  to  pay  for  the  ice 
cream? 

1 32  2 2 

3 - X 2 = — = 6-  3 - X 9 = 33 

5 5 5 3 

Fractions  multiplied  by  mixed  numbers 

Problem:  A cookie  recipe  calls  for  13/4  cups  of 

sugar.  Nellie  wants  to  make  only  1/2  of  the  recipe. 


How  much  sugar 

does  she  need? 

1 1 

1 1 

5 

2 

- X 2 - = 

- X 1 - = 

- X 

6 - = 

3 2 

2 5 

8 

5 

3 

4 

1 5 5 

1 3 3 

6 

- X - = - 

- X - = - 

- X 

— = 4 

3 2 6 

3.5  5 

S 

6 

1 

Mixed  numbers  multiplied  by  fractions 


Problem:  Donald’s  father  uses  about  2 3/4  bu.  of 

seed  wheat  per  acre.  About  how  much  seed  wheat 
will  he  need  for  a field  that  contains  1/3  of  an  acre? 


1 2 

1 2 

3 - X - = 

7 - X - = 

3 9 

2 5 

3 

10  2 20 

4-5  3 

— X - ==  — 

— X - = 3 

3 9 27 

3 6 

Mixed  numbers  multiplied  by  mixed  numbers 

Problem:  There  are 

49  1/2  lbs.  of  flour  in 

How  many  pounds  are  there  in  3 1/2  sacks? 

1 1 

2 2 

2 - X 2 - = 

3 - X 3 - = 

4 2 

7 3 

9 5 45  5 23  11  253  1 

- X - = — = 5-  — X — = — = 12  — 

4 2 8 8 7 3 21  21 

(6)  Division 

Vocabulary 

Review  the  vocabulary  listed  with  other  fractional 
processes. 

divide  invert  dividend 

divisor  quotient  reciprocal 
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Suggestions  relative  to  procedure 


Teach  that  the  divisor  must  be  inverted.  This  is  a 
new  step.  The  inverted  divisor  is  called  the  recip- 
rocal. 

Show  that  a whole  number  such  as  4 may  be  thought 
of  as  having  a denominator  1,  thus  4/1. 

In  division  the  sign  -f-  means  “divided  by.”  The 
line  in  a fraction  also  says  “divided  by,”  as  6/2  or  6 
divided  by  2. 

Drill  on  the  reduction  of  a mixed  number  to  an  im- 
proper fraction. 

Show  that  mixed  numbers  should  almost  always  first 
be  reduced  to  improper  fractions. 


21/2-rl  1/4  = 


2 1/2  = 5/2 
1 1/4  = 5/4 


2 

5 5 5-4 

2 4 3 4 

Show  that  after  the  divisor  is  inverted  the  procedure 
is  the  same  as  in  an  example  in  the  multiplication  of 
fractions. 

Teach  how  to  invert  the  divisor  when  it  is 


A proper  fraction 
3 2/3  = 3/1  X 3/2 

A whole  number 

6/7  -f-  6 = 6/7  X 1/6 

A mixed  number 

1 1 5 3 5 3 

2 r-  1 - = : = - X “ 

2 2 2 2 3-3 

Stress  again  the  importance  of  reducing  all  answers 
to  lowest  terms. 

Use  simple  problems  involving  the  division  of  frac- 
tions. 

Frequent  presentation  of  whole  numbers  in  division 
examples  in  horizontal  form  will  help  to  establish  the 
position  of  the  divisor.  Stress  the  fact  that  it  is 
always  the  divisor  that  is  inverted. 

Give  cumulative  exercises  for  continuous  review  of 
the  work. 
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Stress  accuracy,  not  speed,  at  first. 

Present  and  introduce  one  new  difficulty  at  a time, 
and  give  enough  material  for  practice  that  the  pupil 
will  have  control  of  the  new  step  before  the  next  one 
is  presented. 

Encourage  the  pupils  to  make  original  problems 
involving  skills  in  the  division  of  fractions. 

Use  graphic  representations  of  fractions  and  their 
relationships. 

There  should  be  some  written  work  every  day. 
Diagnose  difficulties  by  testing  and  give  remedial 
work. 


Fraction  divided  by  a whole  number 


Problem:  The  art  teacher  asked  Frances  to  tear  a 

ribbon,  1/2  inch  wide,  the  long  way  into  4 equal 
strips.  How  wide  will  each  strip  be? 


3 

— -f-  3 = 

4 

1 

3 1 1 

- X - = - 

4 3 4 

1 


5 

- -=-  4 = 

6 


5 1 5 

6 4 24 


4 

h 6 = 

5 
2 

4 12 

5 3 15 

3 


Whole  number  divided  by  a fraction 


Problem:  How  many  1/4  lb.  boxes  can  I fill  with 

3 lb.  of  jelly  beans? 


1 

3 

4 

5 — = 

12-=--  = 

2 — = 

2 

4 

5 

2 

4 4 

5 5 

1 

5 X - = 10 

44  X - = 16 

ax 

2- 

1 

3 

4 2 

2 

2 


Mixed  number  divided  by  a whole  number 


Problem:  Eleanor  has  a ribbon  2 1/2  yd.  long  that 
she  wants  to  cut  into  4 equal  pieces  to  tie  on  her  kit- 
tens. What  part  of  a yard  should  each  piece  be? 


1 

2 

— 

= 5 = 

5 =- 

5 

= 

3 

3 

4 

1 

4 

17 

1 

17 

- 

X - = 

— 

— X 

- 

= 

3 

5 

15 

3 

5 

15 
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Whole  numbers  divided  by  mixed  numbers 

Problem:  Lee  has  an  18  ft.  piece  of  heavy  wire  that 
he  wants  to  cut  into  2 1/4  ft.  lengths  for  croquet 
wickets,  or  arches.  How  many  wickets  can  he  get? 


1 


5 -f-  2 - = 


2 


5 


2 


2 4 4 20  9 

2 X - = - 5 X — = — =1  — 

5 5 11  11  11 


2 

&X-  = 2 
5 


Mixed  number  divided  by  a fraction 

Problem:  Don  lives  3/4  of  a block  from  school  and 
Henry  lives  5 1/3  blocks  from  school.  How  many 
times  as  far  as  Don  must  Henry  walk  to  get  to 
school? 


1 1 

4 3 


5 3 15  3 

- X - = — = 3 - 

4 14  4 


3 3 

- X - = 3 
3 1 


Fraction  divided  by  a mixed  number 

Problem:  Mary’s  cousin  grew  7/8  of  an  inch  in 

5 1/4  months.  What  was  her  average  growth  per 
month? 


1 1 

3 2 

1 3 

3 2 


1 2 2 

- X - = - 

3 3 9 


5 5 

12  6 

5 11 

12  G 

1 

5 3 5 

— X — = — 

33  11  22 

2 
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d. 


Mixed  number  divided  by  a mixed  number 

Problem:  How  many  boys  with  bicycles  are  needed 
for  a bicycle-relay  race  of  7 1/2  miles  in  which  each 
boy  is  to  ride  11/2  miles? 

11  3 1 


1 

— - 

3 - = 

3 — ~7 

- 1 - 

=: 

5 

2 

8 

4 

6 

7 

27 

5 

5 

2 

8 

4 

6 

2 

12 

27 

4 

27 

7 

- 

X 

- 

= — 

— X 

— = 

— = 

2 — 

5 

7 

35 

S 

5 

10 

10 

Denominate  numbers 
(1)  Vocabulary 

Liquid:  pint,  quart,  gallon 

Dry:  pint,  quart,  peck,  bushel,  quarter  peck,  pound, 
ounce 

Time:  second,  minute,  hour,  day,  week,  month, 

year,  century 

Length:  inch,  foot,  yard,  rod,  mile 

Cubic  measure:  cubic  inch,  cubic  foot,  cubic  yard 

Other  words: 


(2) 


altitude  measurement  rectangle 

area  measures  square 

base  oblong  tons 

graphs  parallelogram  triangle 

hundred  weight  (cwt.)  perimeter  volume 

Suggestions  relative  to  procedure 
Review  liquid  measure  table.  It  is  not  advisable  to 
teach  them  as  “tables.” 


Give  special  attention  to  children  who  have  not  had 
measurements. 


Have  children  name  liquids  that  are  sold  by  the  pint, 
quart,  or  gallon. 

Have  pupils  give  the  prices  of  these  liquids. 

From  this  information  have  the  pupils  make  a price 
list. 


Ask  pupils  to  make  original  problems  from  the  price 
list. 


Review  table  of  dry  measure. 

Have  children  name  articles  sold  by  dry  measure  such 
as  fruit,  vegetables,  grains,  and  nuts. 

Ask  pupils  to  name  other  measures  used  in  stores,  as 
half  bushel,  half  peck,  and  quarter  peck. 
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Ask  the  children  to  make  problems  applying  the  half 
peck  and  quarter  peck. 

To  begin  linear  measure,  ask  the  class  to  name  places  a 
mile  distant;  a half  mile  distant. 

Measure  the  floor  of  the  schoolroom  in  feet;  in  inches. 
Measure  the  school  garden  or  playground  in  feet  and 
yards. 

Use  inch,  foot,  yard,  and  mile  as  the  need  arises. 

Give  practice  in  estimating  length,  width,  and  height 
of  objects  in  the  room. 

Introduce  the  word  “perimeter”  and  its  meaning: 
“meter,”  to  measure;  “peri,”  around. 

By  actual  measurement  have  them  find  perimeter  of 
room,  desk,  a table,  and  other  objects  in  the  room. 
Develop  concept  of  the  area  of  a rectangle  through 
objective  measurement  with  cardboard  or  wooden 
squares  with  an  area  of  1 square  inch  and  1 square  foot. 
Make  scale  drawings  of  playgrounds,  gardens,  streets, 
house  floor  plans,  athletic  field  plans,  etc. 

Lay  out  a baseball  diamond,  tennis  court,  football  field, 
and  flower  beds. 

Apply  measurements  to  sewing  and  shop  work. 

Find  the  area  of  windows  and  doors  to  be  screened. 
Teach  children  to  judge  weight  of  common  objects  in 
their  experience. 

Have  the  class  use  ruler  or  yardstick  to  determine 
exact  distances. 

Make  a daily  use  of  measure  of  time  using  clock  in  the 
room. 

Have  the  boys  and  girls  use  their  watches.  By  their 
use,  have  the  children  know  the  hour,  the  half  hour, 
the  quarter  hour,  minute  and  second. 

Make  a time  schedule  for  the  school. 

(3)  Addition 

No  carrying 

John  sold  3 chickens.  Their  weights  were  4 pounds 
7 ounces,  5 pounds  3 ounces,  and  4 pounds  2 
ounces.  How  much  did  they  all  weigh? 


lb 

oz. 

4 

lb. 

7 

oz. 

5 

lb. 

3 

oz. 

4 

lb. 

2 

oz. 

13 

lb. 

12 

oz. 

John’s  chickens  weighed  13  pounds  12  ounces. 

Procedure:  Write  the  numbers  for  pounds  under 

lb.  and  the  numbers  for  ounces  under  oz. 
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Carrying 

John  sold  four  turkeys  before  Thanksgiving.  They 
weighed  9 pounds  3 ounces,  11  pounds  7 ounces,  10 
pounds  8 ounces,  and  11  pounds  3 ounces.  How 
much  did  they  all  weigh? 


lb. 

oz. 

9 lb. 

3 oz. 

11  lb. 

7 oz. 

10  lb. 

8 oz. 

11  lb. 

3 oz. 

42  lb. 

5 oz. 

They  weighed  42  pounds  5 ounces. 

You  will  notice  that  the  ounces  column  adds  to  21 
ounces  but  we  have  written  5 for  the  answer.  Twen- 
ty-one ounces  is  one  pound  and  five  ounces,  so  we 
write  5 under  the  ounce  column  and  carry  one  pound 
to  the  pound  column. 

(4)  Subtraction 

No  borrowing 

In  the  high  jump,  Bob  jumped  4 feet  11  inches,  and 
Jack  jumped  3 feet  10  inches.  How  much  higher 
did  Bob  jump? 

ft.  in. 

4 ft.  11  in. 

3 ft.  10  in. 

1 ft.  1 in. 

Bob  jumped  1 foot  1 inch  higher  than  Jack. 
Borrowing 

Earl  gathered  5 bushels  1 peck  of  chestnuts.  He 
sold  2 bushels  3 pecks.  How  many  bushels  and 
pecks  remained? 


bu. 

pk. 

5 bu. 

1 pk. 

2 bu. 

3 pk. 

2 bu. 

2 pk. 

Two  bushels  2 pecks  remained. 

We  do  not  subtract  denominate  numbers  the  same 
as  we  subtract  other  numbers.  We  do  not  borrow  1 
from  5 and  say  “3  from  11.”  Instead  we  borrow 
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1  bushel  from  5 bushels,  change  it  to  4 pecks,  plus 

1 peck.  Then  we  subtract  3 pecks  from  5 pecks 
and  get  2 pecks.  Finally,  2 bushels  from  4 bushels 
leaves  2 bushels. 

(5)  Multiplication 

No  carrying 

John  picked  2 bushels  1 peck  of  peaches  each  day 
for  3 days.  How  many  bushels  and  pecks  of  peaches 
did  he  pick  altogether? 

2  bu.  1 pk. 

3 

6 bu.  3 pk. 

He  picked  6 bushels  3 pecks. 

Carrying 

Harry  picked  2 bushels  3 pecks  of  peaches  each  day 
for  5 days.  How  many  bushels  and  pecks  did  he 
pick? 

2  bu.  3 pk. 

5 

13  bu.  3 pk. 

He  picked  13  bushels  3 pecks. 

You  see,  we  must  learn  to  carry  differently  in  de- 
nominate numbers.  We  do  not  think  3X5  are  15, 
write  5 and  carry  1.  Instead  we  think  3X5  pecks 
are  15  pecks.  Fifteen  pecks  are  3 bushels  3 pecks. 
Write  3 and  carry  3.  Five  times  2 bushels  are  10, 
bushels  plus  3 bushels  are  13  bushels. 

(6)  Division 

Even 

My  sister  used  2 pounds  4 ounces  of  flour  to  make 

2 cakes.  How  much  flour  is  needed  to  bake  1 
cake? 

1 lb.  2 oz. 

2)2  lb.  4 oz. 

Uneven 

John  wanted  to  cut  a board  4 feet  3 inches  long  into 

3 equal  lengths.  How  long  must  he  make  each 
length? 

1 ft.  5 in. 


3)4  ft. 


3  in. 
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Each  length  must  be  1 foot  5 inches  long. 

In  dividing  denominate  numbers  we  do  not  use  the 
remainder  in  the  same  way  as  in  other  division. 
Three  goes  into  4 once  and  1 remaining.  The  re- 
mainder is  1 foot,  so  we  change  it  to  12  inches,  add 
12  inches  to  3 inches  and  get  15  inches.  Then  we 
divide  15  inches  by  3 and  get  5 inches. 

e.  Progress  tests  of  skills  and  abilities  up  to  this  point 
(1)  Fundamental  operations 
Addition 


5 

9 plus  7 equals 

15  4 

6 

9 

11 

2 5 

0 

6 

2 

2 

18 

5 

18 

9 

13  30 

753 

51 

1 

7 

14 

21  20 

236 

42  20 

5241 

56321 

342 

7104 

46 

304 

204 

4537 

75204 

104 

2060 

3 

72 

301 

22351 

452 

30 

3 

203 

16770 

43908 

12719 

81 

5248 

627 

4953 

58 

3965 

82080 

26 

2396 

258 

7638 

24 

3714 

39236 

32 

27145 

97323 

68 

162 

57214 

8564 

18349 

302 

337 

47 

360 

65263 

1987 

22977 

965 

406 

53 

407 

32379 

70213 

431 

238 

i 

20570 

11842 

14108 

10653 

947 

926 

399 

3926 

298 

807  11279 

777 

565 

7 

2518 

46 

508  75243 

995 

409 

607 

6029 

785 

808  12635 

24680 

13579 
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$.01 

$.60 

$.25 

$1.65 

$4.89 

25836 

5638 

.04 

.40 

.54 

2.64 

.26 

94709 

2591 

.03 

.20 

.72 

6.53 

8.08 

12345 

98742 

4312 


Helen  had  three  boxes  of  candy.  One  weighed  4 
pounds,  one  weighed  3 pounds,  and  one  weighed  2 
pounds.  Find  the  total  weight  of  the  three  boxes  of 

candy. 

Answer 


Harry  has  a newspaper  route.  On  Monday  he  de- 
livered 98  papers,  on  Tuesday  99  papers,  and  on 
Wednesday  101  papers.  How  many  did  he  deliver 
in  the  three  days? 

Answer 


Mary  had  75  cents  in  her  bank.  She  put  in  20  cents 
more.  How  much  did  she  then  have  in  the  bank? 

Answer 


Subtraction 


9 

15 

87 

46 

897  99875 

9 25 

4 

7 

3 

21 

357  89416 

9 5 

258 

90 

805 

77 

686 

869 

729 

101 

30 

202 

72 

683 

22 

456 

' 

" 



* 



— 

83695 

821 

6172 

523 

180 

909 

802 

35741 

656 

4653 

195 

2 

727 

618 

4001 

9200 

574 

4981 

8043 

9080 

8010 

2883 

3373 

108 

3008 

7606 

6759 

3584 

11900 

7562 

3376 

15886 

16575 

2333 

12344 

9901 

4399 

2968 

4889 

6778 

1677 

4446 

6661 

87867 

$.08 

$1.20 

$4.00 

$6.54 

$338.91 

5892 

40190 

.03 

.80 

1.25 

5.79 

64.06 
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Are  you  able  to  do  these: 

180  - 50 

157-83 

641-316 

475  minus  171 

Take  18  from  30 

Subtract  83  from  91 

From  130  take  80 

Take  56  from  84 

From  193  subtract  78 

Find  the  difference  between  83  and  191 

Find  the  difference  between  363  and  316 

How  much  more  than  37  is  45? 

How  much  less  than  91  is  25? 

How  much  more  is  857  than  249? 

How  much  less  is  325  than  334? 

Take  706  from  1310 
From  1030  take  902 
From  1634  subtract  1605 
From  1240  subtract  925 

How  much  must  be  added  to  816  to  make  1323? 
What  is  the  difference  between  39  and  1048? 
Subtract  236  from  1180 
Subtract  358  from  1087 

In  a subtraction  example,  is  the  minuend  always 
the  largest  of  the  three  numbers? 

In  a subtraction  example,  is  the  remainder  or  dif- 
ference always  the  smallest  of  the  three  numbers? 

Problem  test 

Can  you  tell  whether  to  add  or  subtract?  Can  you 
subtract  correctly?  It  is  likely  that  you  can,  if 
you  do  everything  rightly  in  this  test. 

John’s  new  book  has  306  pages.  He  has  read 
138  pages  in  it.  How  many  more  pages  must 
he  read  to  finish  the  book? 

Answer 

Ruth’s  mother  wanted  Ruth  to  practice  on  the 
piano  for  210  minutes  in  a week.  When  she  had 
practiced  150  minutes,  how  many  more  minutes 
did  she  have  to  practice? 

Answer 
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Arthur  has  320  stamps.  If  he  sold  35  of  them 
to  Fred,  how  many  has  he  left? 

Answer 

We  have  school  180  days  in  a year.  My  report 
shows  that  I was  present  177  days  last  year. 
How  many  days  was  I absent? 

Answer 

How  much  change  should  you  receive  if  you  give 
the  clerk  five  dollars  to  pay  for  a sweater  that 
costs  $3.79? 

Answer 

Harry  wants  a new  bicycle.  It  will  cost  $24.75. 
He  has  saved  $14.58.  How  much  more  must  he 
have  to  buy  the  bicycle? 

Answer 


Multiplication 


Different  kinds  of  multiplication  examples 


7 

23 

20 

71 

812 

16 

8 

3 

4 

3 

4 

7 

— 

— 

— 



1 

’ 

340 

601 

400 

2010 

504 

87 

2 

5 

3 

6 

7 

5 

— 

— 

— 

— 

— 

615 

851 

657 

32 

412 

230 

6 

8 

9 

21 

21 

22 

612 

312 

412 

3004 

52 

24 

30 

400 

103 

22 

93 

85 

369 

849 

708 

9005 

9080 

143 

78 

490 

796 

465 

832 

596 

628 

625 

7859 

4685 

7862 

$.75 

705 

404 

968 

157 

2500 

8 

$1.20 

$.09 

$2.25 

$16.00 

$15.20 

$.60 

5 

7 

79 

64 

80 

90 

$.05 

48 

$30.10 

275 

$524 

76 
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Can  you  multiply  correctly?  It.  is  likely  that  you 
can  if  you  do  everything  rightly  in  this  test? 

Ruth  is  planning  a party.  She  will  buy  5 dozen 
little  cakes  at  65  cents  a dozen.  How  much  is  she 
going  to  pay  for  them? 

Answer 

George  helped  his  father  in  the  grocery  store.  One 
day  he  filled  50  bags  with  sugar.  He  put  10  pounds 
into  each  bag.  How  many  pounds  of  sugar  did  he 
put  into  all  the  bags? 

Answer 

If  a train  went  45  miles  an  hour,  how  many  miles 
would  it  go  in  24  hours? 

Answer 

At  a candy  sale  Mary  sold  480  pieces  of  fudge  at 
5 cents  a piece.  How  much  money  did  she  receive 
from  the  fudge? 

Answer 

Mr.  Brown  decided  to  save  money  to  buy  a car. 
If  he  saved  $2.25  each  day,  how  much  money 
would  he  save  in  108  days? 

Answer 

Martha’s  father  worked  250  days  last  year.  He 
earned  $5.25  a day.  How  much  did  he  earn  last 
year? 

Answer 

In  Mrs.  Brown’s  club  there  are  254  women.  Each 
woman  in  the  club  sold  175  Christmas  seals.  How 
many  seals  did  they  all  sell? 

Answer 

Mr.  Park  sells  cars.  Last  year  he  sold  57  cars. 
They  were  worth  $845  each.  How  much  were  all 
the  cars  worth? 

Answer 

Mother  bought  a 14-pound  turkey  for  Thanks- 
giving dinner.  How  much  did  she  pay  for  the 
turkey  at  55  cents  a pound? 

Answer 

How  much  will  65  three-cent  stamps  cost? 

Answer 
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Can  you  multiply  rapidly  and  well?  Here  is  a 
mixed  list  of  problems  for  you  to  try. 

Multiply  340  by  65 
Multiply  268  by  40 
Multiply  309  by  9 
Multiply  $4.30  by  8 
Find  the  product  of  206  and  37 
Find  the  product  of  9 and  648 
Find  the  product  of  20  and  301 
Find  the  product  of  25  and  25 
Find  96  X $1-50 
Find  10  X 90 
Find  8 X 189 
Find  87  X 275 

How  much  is  275  times  5 cents? 

How  much  is  978  times  2 cents? 

How  much  is  35  times  10  cents? 

How  much  is  10  times  10  cents? 

What  number  is  10  times  as  large  as  85? 

Division 

Different  types  of  examples  in  long  division  by  means 
of  which  specific  difficulties  in  long  division  can  be 
located. 


23)483 

23)575 

2)308 

31)345 

32)407  35)428 

21)1155 

32)2592 

42)1008 

33)1786 

23)1896  63)4285 

15)1065 

16)912 

35)10675 

72)14416 

26)52104  37)74370 

Fractions 

Addition 

Find  the 

answers 

to  the  following  addition  examples: 

1 1 

1 

4 

3 1 

1 1 

7 1 

3 8 

2 

5 

4 2 

2 3 

12  4 

1 5 

1 

2 

3 1 

1 1 

3 1 

3 8 

2 

5 

4 4 

6 6 

4 3 
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3 7 5 1 1 

2-  7-  1-  3-  6- 

4 8 6 4 2 

1115  2 

1-  2-  1-  2-  6- 
8 8 2 8 5 

112  2 5 

5-  10-  4-  4-  7- 
4 2 3 3 6 

1 2 1 

3 10 

3 3 6 


5 1113 
4-  1-1-  2-  2- 

6 10  2 6 8 

1 4 5 2 1 

3 5 6 3 2 


1 

5 

3 

1 

1 

3- 

4- 

14- 

6- 

9 — 

4 

6 

4 

4 

10 

2 

1 

1 

2 

1 

1 - 

1 — 

14- 

5- 

3- 

3 

12 

2 

3 

2 

1 

1 

1 

3 

1 

6- 

7- 

1 - 

3- 

4- 

3 

8 

3 

4 

4 

2 

5 

2 

1 

5 

3 

8 

3 

2 

8 

1 

1 

1 

1 

1 

8- 

1 - 

1 - 

5- 

10- 

2 

8 

3 

4 

2 

2 

5 

1 

- 

— 

— 

3 

10 

3 

8 

2 

9 15  3 

1115 

— - 1-  2 — 

12  2 3 12 


Problems 

Two  boys  together  picked  42  3/8  quarts  of  cher- 
ries. If  the  first  boy  picked  19  1/2  quarts,  how 
many  did  the  second  boy  pick? 

The  Smith  family  owned  128  3/4  acres  of  land.  If 
they  sold  25  1/2  acres,  how  many  acres  did  they 
have  then? 

Edward  weighs  71  7/8  pounds  and  Ralph  weighs 
65  1/4  pounds.  How  much  less  does  Ralph  weigh 
than  Edward? 

Alice  has  put  1 1/2  cups  of  flour  in  her  mixing 
bowl  and  notices  her  recipe  calls  for  1 3/4  cups  of 
flour.  How  much  more  flour  should  she  put  in? 
Nellie  needs  4 3/4  yards  of  material  to  make  two 
dresses.  She  has  a piece  which  is  2 1/3  yards  long. 
How  much  more  does  she  need? 


Multiplication 

Find  the  answers  to  the  following  multiplication  ex- 
amples: 

4 1 4 5 3 1 

2 X - - X 8 -X  10  -X-  6X4- 

9 4 5 9 7 2 
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1 

1 

3 

5 15 

1 

3 X- 

- X 3 

- X 6 

-x  — 

2X4- 

3 

9 

8 

8 25 

2 

1 

2 

1 

1 

2 2 

3 

4 X- 

- X 2 

-X 

- 

-x- 

4X3- 

2 

3 

4 

6 

3 3 

5 

1 

2 

1 

6 

1 

1 

12  X- 

-X  16 

-X 

- 

6X2- 

3 - X 2 

5 

3 

4 

9 

3 

5 

1 

5 

1 

7 

1 

1 

8 X- 

-X  14 

-X 

— 

7X4- 

X 

i 

eo 

6 

6 

2 

10 

2 

5 

2 

5 2 

1 

2 

4 3 

3 1 

CO 

1 

X 

CO 

- X 6- 

3- 

X 

- 

6 - X - 

i 

CO 

X 

1 

CO 

3 

8 5 

2 

9 

5 7 

4 3 

1 1 

2 2 

1 

1 

1 

1 2 2 

- X 2 - 

- X 3 - 

3- 

X 

— 

2 - X 2 

- 3 - X - 

4 2 

5 3 

3 

8 

2 

4 7 3 

1 1 

1 

1 

1 

2 

1 2 

-xi- 

2 - X 

7 

- 

X- 

6 - X 6 - 

2 5 

4 

1 

2 

5 

4 5 

Problems: 

At  the  rate  of  30  1/2  miles  an  hour,  how  far  will 
a train  travel  in  7 hours? 

How  many  ounces  are  there  in  3/4  of  a pound? 
A baker  used  5/8  lb.  of  flour  to  make  a loaf  of 
bread.  How  many  pounds  will  he  use  to  bake 
240  loaves? 

How  much  will  Mary  pay  for  8 1/2  yards  of 
dress  goods  at  $.37  1/2  per  yard? 

How  far  can  an  automobile  travel  on  12  gallons 
of  gasoline  if  it  averages  14  1/2  miles  to  a gal- 
lon? 

In  our  school  of  639  pupils,  2/3  are  girls.  How 
many  girls  are  there  in  our  school? 


Division 

1 

5-u-  10  -u  6 

2 

1 1 3 

--U-  12-u- 

9 3 4 

11  13  1 

2 2 15  2 


1 1 1 

--U-  3 -4-  4 - 

7 6 2 

1 1 2 

l--u-  5 --4-  5 

4 3 3 

3 1 3 

5 -u  2 - 3--pl- 

4 3 4 
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Problems: 

Mary  is  measuring  the  spacing  for  printing. 
How  many  1/16"  spaces  can  she  get  from  3/4 
of  an  inch? 

Marie  read  in  a cook  book  that  3/8  of  a pound 
of  beef  is  enough  to  serve  one  person.  At  that 
rate,  how  many  persons  can  be  served  from  a 
3 pound  beef  roast? 

On  our  State  park  map,  the  road  from  our  camp 
to  the  falls  measures  11  inches.  On  this  map, 
2 1/2  inches  equals  one  mile.  How  many  miles 
is  it  from  our  camp  to  the  falls? 

Jean  has  3 yards  of  material  with  which  to 
make  doll  dresses  for  a Christmas  sale.  How 
many  dresses  can  she  get  out  of  her  cloth  if  she 
uses  a pattern  that  calls  for  1/3  yard? 

How  many  2 1/2  feet  lengths  can  Jerry  cut  from 
a 10-ft.  board? 

The  Scouts  can  hike  from  town  to  their  cabin 
down  the  river  in  5 1/4  hours,  or  go  by  boat  in 
1 1/2  hours.  Hiking  takes  how  many  times  as 
long  as  rowing? 


(3)  Denominate  numbers 
Addition 

15  min.  30  sec. 

40  min.  50  sec. 

3 lb.  11  oz. 

5 lb.  13  oz. 
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4 yd. 

2 ft. 

10  in. 

6 yd. 

1 ft. 

7 in. 

9 yd. 

2 ft. 

5 in. 

2 pk.  5 qt. 

3 pk.  6 qt. 
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Joe  sold  four  chickens.  They  weighed  9 lb.  2 oz., 
11  lb.  7 oz.,  10  lb.  8 oz.,  and  11  lb.  3 oz.  How  much 
did  they  all  weigh? 

Subtraction 

9 sq.  ft.  60  sq.  in.  20  min. 

7 sq.  ft.  124  sq.  in.  16  min.  40  sec. 


6 yd.  1 ft.  9 bu. 

3 yd.  2 ft.  5 bu.  3 pk. 


Jane  says  their  living  room  is  23  ft.  4 in.  long  by 
14  ft.  9 in.  wide.  How  much  greater  is  the  length 
than  the  width? 

Joe  weighs  96  lb.  4 oz.  His  Newfoundland  dog 
weighs  105  lb.  How  much  more  than  Joe  does  the 
dog  weigh? 


Multiplication 

2 ft.  6 in. 

7 


2 gal.  2 qt.  1 pt. 

5 


8 cu.  ft.  75  cu.  in.  1 lb.  12  oz. 

29  36 


Jack  counted  30  freight  cars  in  a train.  Printed  in 
white  letters  on  each  car  was  “length  50  ft.  8 in.” 
How  long  was  the  train  of  cars? 

How  many  cubic  feet  are  there  in  a room  whose 
measurements  are  12  ft.,  14  ft.,  and  9 ft.? 

How  many  square  yards  are  there  in  a walk  2 1/3 
ft.  wide  and  42  ft.  long? 

Division 


2)  3 ft.  6 in.  5)  7 gal.  3 qt.  1 pt. 

Mr.  Snow  used  6 gal.  3 qt.  of  oil  in  5 months.  How 
much  did  he  average  per  month? 

My  sister  used  4 lb.  8 oz.  of  flour  to  make  3 cakes. 
What  was  the  average  amount  for  each  cake? 
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f.  Vocabulary 

Check  through  this  list.  Ask  for  an  explanation  of  the 
words  you  do  not  understand. 


acre 

how  many 

add 

hundred-millions 

addends 

hundreds 

addition 

hundred-thousands 

altitude 

hundred  weight — cwt. 

amount 

improper  fraction 

analysis 

inch 

answer 

invert 

area 

less — difference  between 

base 

like  denominators 

borrow 

measurement 

bushel 

measures 

cancel 

mile 

canceling 

millions 

cancellation 

minuend 

century 

minus 

check 

minute 

checking 

mixed  number 

column 

month 

common  denominator 

multiplicand 

contained  into 

multiplication 

contained  times  into 

multiplier 

cubic  foot 

multiply 

cubic  inch 

numerator 

cubic  measure 

oblong 

cubic  yard 

ounce 

day 

parallelogram 

decimal  point 

partial  product 

denominator 

peck 

difference 

perimeter 

divide 

pint 

divide  by 

plus 

dividend 

plus  sign 

division 

pound 

divisor 

practice 

dollar  sign 

product 

equals 

proper  fraction 

examples 

quart 

figures 

quarter  peck 

find  sum 

quotient 

find  the  difference 

reciprocal 

foot 

rectangle 

form 

reduce 

fraction 

reduction 

gallon 

related 

graphs 

remainder 

hour 

remained 
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result 

ten-thousands 

rod 

second 
solve 
square 
square  foot 
square  inch 
square  measure 
square  mile 
square  rod 
square  yard 
subtract 
subtraction 
subtrahend 
sum 

take  away 
tens 

ten-millions 

terms 

test 

thousands 

times 

tons 

trial  divisor 
triangle 
unit 
units 

unlike  denominators 

value 

volume 

week 

whole  numbers 

yard 

year 

zero 
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F.  SIXTH  GRADE 

1.  Scope  of  skills  and  abilities 

a.  Skills  and  abilities  listed  for  previous  grades 

(1)  Reading  and  writing  whole  numbers 

(2)  Fundamental  operations 

(3)  Reading  and  writing  fractions 

(4)  Addition,  subtraction,  multiplication,  and  division  of 
fractions 

(5)  Denominate  numbers 

b.  Decimals 

(1)  Vocabulary 

(2)  Reading  and  writing  decimals — tenths,  hundredths,  thou- 
sandths, ten  thousandths 

(3)  Addition 

Simple  decimals 
Mixed  decimals 
Decimals  and  mixed  numbers 
Decimals  and  whole  numbers 
Mixed  decimals  and  whole  numbers 

(4)  Subtraction 

Decimals  in  both  the  minuend  and  subtrahend 
Mixed  decimals  in  both  minuend  and  subtrahend 
Mixed  decimal  in  minuend  and  a decimal  in  the  sub- 
trahend - 

A mixed  decimal  in  the  minuend  and  a whole  number 
in  the  subtrahend 

A whole  number  in  the  minuend  and  a decimal  in  the 
subtrahend 

A whole  number  in  the  minuend  and  a mixed  decimal 
in  the  subtrahend 

(5)  Multiplication 

Both  multiplier  and  multiplicand  decimals 
Multiplier  a decimal  and  multiplicand  a mixed  decimal 
Multiplier  a decimal  and  multiplicand  a whole  number 
Both  multiplier  and  multiplicand  mixed  decimals 
Multiplier  a mixed  decimal  and  multiplicand  a decimal 
Multiplier  a mixed  decimal  and  multiplicand  a whole 
number 

Multiplier  a whole  number  and  multiplicand  a decimal 
Multiplier  a whole  number  and  the  multiplicand  a 
mixed  decimal 


175 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


(0)  Division 

Both  dividend  and  divisor  decimals 

Dividend  a mixed  number  and  the  divisor  a decimal 

Dividend  a whole  number  and  the  divisor  a decimal 

Dividend  a mixed  decimal  and  the  divisor  a whole 

number 

Both  dividend  and  divisor  whole  numbers 
Dividend  a decimal  and  divisor  a whole  number 
Both  dividend  and  divisor  mixed  decimals 
Dividend  a decimal  and  divisor  a mixed  decimal 
Dividend  a whole  number  and  divisor  a mixed  decimal 
Zeros 

c.  Denominate  numbers 

(1)  Vocabulary 

(2)  Addition 

No  carrying 
Carrying  once 

Carrying  twice;  one  remaindei 

Carrying  twice;  two  remainders 

Carrying  with  fractions  which  make  a uni:. 

Carrying  with  fractions 
Copying  in  proper  column 

(3)  Subtraction 

Without  borrowing 
With  borrowing 

(4)  Multiplication 

No  carrying 
Carrying 

(5)  Division 

Even  division 
Uneven  division 

Divisor  larger  than  the  largest  denomination  in  divi- 
dend 

(6)  Area 

(7)  Volume 

(8)  Perimeter 

d.  Percentage 

(1)  Vocabulary 

(2)  Reading  and  writing  percentage,  decimal,  and  fractional 
equivalents 
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(3)  Finding  percent  of  a number;  its  applications 

The  process 
Discounts 
Commission 
Interest 

(4)  Finding  percent  one  number  is  of  another 

The  process 
Profit  and  loss 

e.  Business  forms 

(1)  Vocabulary 

(2)  Personal  accounts 

(3)  Bank  accounts 

(4)  Accounts  with  business  houses 

(5)  Writing  receipts 

2.  Suggested  topics  and  procedures 

a.  Survey  testing  of  skills  and  abilities  listed  for  previous  grades; 
appropriate  practice  as  needed. 

(1)  Reading  and  writing  whole  numbers 

(2)  Fundamental  operations 

The  steps  of  difficulty  in  the  four  fundamental  opera- 
tions are  outlined  in  detail  in  section  b of  the  fifth 
grade  course.  A method  of  finding  the  difficulties  that 
children  have  is  to  make  an  inventory  test  for  each 
operation  containing  the  steps  of  difficulty  in  the  opera- 
tion. Then  use  the  suggestions  given  in  grade  five  to 
construct  practice  exercises. 

(3)  Reading  and  writing  fractions 

Type  exercises  for  teaching  children  to  read  and  write 
fractions  are  given  in  the  courses  for  grades  four  and 
five.  It  may  be  advisable  to  read  and  write  many 
fractions  not  included  in  these  courses.  Teachers  may 
construct  exercises  which  do  include  the  desired 
fractions. 

(4)  Addition,  subtraction,  multiplication,  and  division  of 

fractions 

The  steps  of  difficulty  in  addition,  subtraction,  multi- 
plication, and  division  of  fractions  are  given  in  the 
fifth  grade  course  of  study.  Most  of  the  fractions  are 
halves,  thirds,  fourths,  sixths,  and  eighths.  These  are 
the  denominations  used  most  frequently  in  the  ordinary 
affairs  of  life,  and  they  can  be  used  to  demonstrate 
most  of  the  difficulties  in  fractions. 


177 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 


(5)  Denominate  numbers 

Some  examples  of  denominate  numbers  are  given  for 
grade  four  and  for  grade  five.  Make  a test  which 
includes  the  types  of  exercises  outlined  on  these  pages. 
Then  teach  those  that  are  incorrect. 

b.  Decimals 

(1)  Vocabulary 

decimal  decimal  fraction  decimal  point  mixed  decimal 
units  hundredths 

tenths  thousandths  ten  thousandths 

(2)  Reading  and  writing  decimals 

It  is  doubtful  whether  there  is  any  need  to  teach  chil- 
dren to  use  decimals  smaller  than  thousandths.  How- 
ever, ten-thousandths  are  included. 

Tenths 

Read: 

.5  1.7  13.1  79.2  129.9 

.6  9.3  18.4  86.8  372.4 

Write  in  numbers: 

five  tenths,  three  and  two  tenths,  one  hundred  thirty 
and  four  tenths,  three  tenths,  nine  and  one  tenth, 
three  hundred  nineteen  and  eight  tenths, 

Match: 


One  and 

seven  tenths 

20.8 

nine  tenths 

18.1 

eighteen  and  one 

tenth 

1.7 

twenty  and  eight  tenths 

9 

Hundredths 

Read: 

.05 

4.15 

21.06 

221.01 

.07 

5.07 

42.19 

413.18 

.19 

3.21 

51.28 

524.25 

Write  in  numerals: 

five  hundredths  four  and  fifteen  hundredths 
seven  hundredths  five  and  seven  hundredths 
nine  hundredths  three  and  twenty-one  hundredths 
twenty-one  and  six  hundredths 
forty-two  and  nineteen  hundredths 
fifty-one  and  twenty-eight  hundredths 
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Match: 

5.09  ten  and  nine  hundredths 

17.22  nineteen  and  fifty-six  hundredths 

10.09  five  and  nine  hundredths 

37.25  two  hundred  twenty-three  and  ninety- 

two  hundredths 

19.56  seventeen  and  twenty-two  hundredths 

223.92  thirty-seven  and  twenty-five  hundredths 


Thousandths 


Read: 

.005 

2.001 

18.007 

202.004 

.017 

3.028 

42.043 

198.092 

.124 

9.102 

77.225 

375.863 

Write  in  numerals: 
seven  thousandths 

one  and 

three  thousandths 

fourteen  thousandths  sixty  and  thirty-one  thous- 
one  and  sixty-two  andths 

thousandths  nine  and  two  hundred  nine 

thousandths 

eighteen  and  seven  thousandths 
fifty-five  and  sixty-one  thousandths 
eighty-one  and  three  hundred  thirty  thousandths 


Ten-thousandths 


Read: 


.0005 

6.0004 

19.0002 

241.0007 

.0017 

8.0086 

27.0055 

546.0093 

.0241 

7.0623 

33.0468 

319.0545 

.3982 

4.6212 

48.4759 

827.2984 

Write  in  numerals: 

four  ten-thousandths 
fifteen  ten-thousandths 
three  hundred  sixty  ten-thousandths 
five  thousand  six  hundred  thirty-three  ten-thous- 
andths 

four  and  eight  ten-thousandths 
seven  and  seventy-two  ten-thousandths 
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three  and  eight  hundred  nineteen  ten-thousandths 
six  and  three  thousand  one  hundred  twenty  ten- 
thousandths 


Match: 

six  ten-thousandths  .1190 

two  hundred  forty  ten-thousandths  .0049 

one  thousand  one  hundred  ninety 
ten-thousandths  .0006 

forty-nine  ten-thousandths  .0240 


(3)  Addition 

The  exercises  found  under  each  step  of  difficulty  are 
merely  suggestions  to  help  teachers  make  practice 
materials. 


Simple  decimals 
One  decimal  place 

What  is  the  distance  around  a triangular  farm 
whose  sides  are  .7  mile,  .6  mile,  and  .8  mile? 

.8 

.5  .4  .8  .9  .3  .5  .6  .4 

A A A A 9 7 -9  -7 

.8  .8  .9  .5 


Two  decimal  places 


.49 

.58 

.73 

.84 

.39 

.65 

.47 

.99 

.72 

.56 

.92 

.25 

.38 

.19 

.84 

Three  or 

more 

decimal 

places 

.429 

.386 

.264 

.5823 

.746 

.872 

.375 

.4379 

.591 

.265 

.625 

.8654 

One,  two,  and  three  decimal  places — broken  columns 


.8 

.9 

.722 

.68 

.321 

.5 

.55 

.02 

.49 

.817 

.07 

.7 

.02 

.96 

.4 

.698 
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Mixed  decimals 


One  decimal  place 

Mary  bought  1.5  yards  of  silk  ribbon  for  a tie 
and  2.5  yards  of  velvet  ribbon.  How  many  yards 
of  ribbon  did  she  buy? 


3.9 

6.2 

7.6 

8.9 

2.6 

5.9 

4.8 

9.1 

4.5 

8.5 

2.5 

7.4 

Two  decimal  places 

Mr.  Brown  sold  32.15  acres  of  farm  land.  He  had 
16.55  acres  left.  How  many  were  in  his  farm  be- 
fore the  sale? 


24.56 

46.75 

73.61 

59.48 

43.96 

35.84 

59.38 

76.19 

58.43 

71.29 

42.76 

89.65 

Three  or  more  decimals 

94.795 

29.461 

72.2361 

16.298 

75.579 

54.7825 

84.756 

59.838 

98.6487 

One  or  more 

decimal  places — broken  columns 

3.496 

34.548 

6.94 

7.7 

3.35 

9.4 

8.6 

14.671 

76.49 

2.76 

55.71 

9.58 

8.2 

7.32 

2.498 

5.46 

Decimals  and  mixed  decimals 

One  decimal  place 

56.2 

.8 

7.8 

65.3 

.9 

3.5 

.9 

2.7 

.7 

.4 

25.2 

6.5 

42.3 

29.1 

6.4 

38.2 

Two  decimal  places 

.76 

8.14 

125.21 

.08 

27.54 

.06 

.65 

14.72 

92.38 

22.39 

1.09 

396.14 
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Three  or 

more  decimal  places 

7.9634 

19.0056 

.8943 

.0007 

4.3008 

5.7239 

.9546 

.7426 

43.4821 

6.2975 

1.1632 

.0056 

Decimals  and  whole  numbers 

One  decimal  place 

56. 

46. 

.7 

.8 

.9 

.9 

25. 

.4 

.7 

.3 

.5 

14. 

2. 

18. 

42. 

38. 

Two  decimal  places 

23. 

.56 

.37 

.17 

.07 

9. 

2. 

.43 

58. 

.05 

5. 

4. 

.09 

4. 

.14 

6. 

Three  or 

more  decimal  places 

.529 

.416 

20. 

.8374 

2. 

.827 

.929 

.013 

.013 

16. 

.002 

.009 

.602 

.398 

.051 

5. 

Mixed  decimals  and  whole  numbers 

One  decimal  place 

2.9 

5.3 

7.8 

9.3 

56. 

21. 

39. 

5.9 

3.7 

4.8 

25. 

8. 

48. 

18. 

2.7 

12. 

Two  decimal  places 

2. 

16. 

5.08 

47.38 

3.46 

5.18 

21. 

2.09 

7.53 

4.49 

4.72 

25. 

8.72 

12.04 

38.26 

9.48 
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Three  or  more  decimal  places 


9. 

.231 

.004 

14.096 


.867 

.593 

18. 

2.048 


.3721 

5. 

.0923 

26.004 


36. 

.542 

3.009 

.0642 


(4)  Subtraction 

Decimals  in  both  the  minuend  and  subtrahend 

Jean  lives  .4  mile  from  the  school.  Phyllis  lives 
.9  mile  from  school.  How  much  farther  does  Phyllis 
have  to  walk  than  Jean? 

.9  .78  .627  .6 

.5  .56  .295  .295 


Mixed  decimals  in  both  minuend  and  subtrahend 

John  and  his  father  went  for  a ride  in  the  car.  The 
speedometer  read  46.6  miles.  After  the  ride,  it  read 

88.5  miles.  Har  far  did  they  go? 

12.5  26.29  42.807  56.1 

8.7  3.87  5.956  2.952 


Mixed  decimal  in  minuend  and  a decimal  in  the  sub- 
trahend 

Mr.  Brown  had  32.8  acres  of  farm  land.  He  sold  .9 
acre.  How  much  land  did  he  have  left? 

42.9  2.06  5.908  8.2 

.7  .97  .896  .963 


A mixed  decimal  in  the  minuend  and  a whole  number  in 
the  subtrahend 

95.1  142.56  29.305  3.19 

47.  64.  14.  2. 


A whole  number  in  the  minuend  and  a decimal  in  the 
subtrahend 

Sara  spent  $.05  for  a pencil.  How  much  change  did 
she  receive  from  one  dollar? 

54.  6.  4.  19. 

.2  .75  .806  .82 
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A whole  number  in  the  minuend  and  a mixed  decimal 
in  the  subtrahend 

Harry  bought  a sack  of  sugar  for  $1.19.  How  much 
change  did  he  receive  from  five  dollars? 

96.  20.  8.  3. 

2.8  3.97  5.786  1.802 


(5)  Multiplication 

Some  of  the  errors  in  multiplication  of  decimals  which 
teachers  may  reasonably  expect  are  misplaced  decimal 
point,  omission  of  decimal  point,  failure  to  prefix  zero, 
unnecessary  prefixing  of  zero,  and  annexing  unneces- 
sary zero.  The  relative  frequency  of  these  and  other 
errors  appears  in  “Diagnostic  and  Remedial  Teaching 
in  Arithmetic,”  Brueckner,  John  C.  Winston  Company, 
1930. 

Eight  steps  of  difficulty  in  multiplying  decimals  follow. 
Each  step  of  difficulty  includes  exercises  without  carry- 
ing, with  carrying,  and  with  zeros. 

Both  multiplier  and  multiplicand  decimal 

.3  .5  .34  .68  .54  .241  .301  .403 

.3  .2  .02  .5  .06  .2  .03  .27 


Multiplier  a decimal  and  multiplicand  a mixed  decimal 

2.43  4.51  9.02  7.25  5.16  20.34 

.2  .09  .26  .36  .204  .078 


Multiplier  a decimal  and  multiplicand  a whole  number 

421  321  25  503  300  365 

.4  .5  .64  .48  .26  .204 


Both  multiplier  and  multiplicand  mixed  decimals 

4.3  3.7  3.64  4.05  8.32  10.09 

2.1  8.4  7.5  3.6  6.07  5.08 


Mutiplier  a mixed  decimal  and  multiplicand  a 
decimal 

.324  .438 

1.2  2.6 


184 


.506 

3.4 


.704 

6.8 


.846 

1.09 


SELECTIVE  GRADATION  OF  MATERIALS 


Multiplier  a mixed  decimal  and  multiplicand  a whole 
number 

34  56  321  562  470  904  708 

2.1  3.8  3.2  4.8  5.4  6.8  1.07 


Multiplier  a whole  number  and  the  multiplicand  a 
decimal 

.42  .78  .859  .704  .805  .1008  .4531 

23  59  64  36  30  72  502 


Multiplier  a whole  number  and  the  multiplicand  a 
mixed  decimal 

1.33  5.48  15.36  9.07  20.46  4.004 

23  64  45  72  38  30 


(6)  Division 

Each  of  the  steps  of  difficulty  in  division  of  decimals 
has  a series  of  graded  exercises.  A series  is  made  up 
of  several  easy  division  exercises  and  one  exercise  from 
each  step  of  difficulty  in  more  difficult  division. 

Both  dividend  and  divisor  decimals 


The  distance  around  the  circular  cinder  path  on  the 
city  playground  is  .2  mile.  To  run  .8  mile,  how 
many  times  must  the  boys  run  around? 


.5). 75  .04). 64  .005). 675  .12). 144  .23). 345 


.8)  .1539  .43). 3913  .032). 2338  .016). 1440 


.045). 3555 

Dividend  a mixed  number  and  the  divisor  a decimal 

I paid  a railroad  fare  of  83.45  between  the  cities  of 
Baltimore  and  Philadelphia.  The  rate  was  $.036  per 
mile.  What  is  the  distance  between  the  two  cities? 


.6)3.6  .08)7.52  .003)39.2  .13)1.43  .25)19.5 


.42)142.8  .73)2.409  .89)31.15  .78)4.007 


.64)569.6 
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Dividend  a whole  number  and  the  divisor  a decimal 

How  many  minutes  will  it  take  a train  traveling  .8 
mile  a minute  to  cover  40  miles? 

.7)49  .05)50  .004)48"  .16)196  .42)1428 

.82)3116  .46)2918  .76)3525  .51)5073  .16)1440 

Dividend  a mixed  decimal  and  the  divisor  a whole 
number 

John’s  family  traveled  3154.5  miles  in  15  days.  What 
was  the  average  number  of  miles  per  day? 


3)9.6  7)40.6  8)35.84  13)1.56  25)57.5 

51)423.3  84)2.016  92)129.5  56)162.4  58)4524 

Both  dividend  and  divisor  whole  numbers 
(Divide  to  third  decimal  place) 

The  87  pupils  in  the  Riverview  school  contributed 
$33.00  to  a needy  family.  What  average  amount,  to 
the  nearest  cent,  was  contributed  per  pupil? 

7)50"  51)622  14)206  42)1437"  97)4281 

Dividend  a decimal  and  divisor  a whole  number 

Large  oranges  cost  $.69  a dozen.  What  is  the  cost 
of  one  orange  to  the  nearest  cent? 


4). 164  6). 012  17). 00187  45). 2745  62). 2728 

87). 7134  92). 1295  55). 2655  36). 3240  58). 04524 

Both  dividend  and  divisor  mixed  decimals 

A barrel  holds  31.5  gallons.  How  many  barrels  can 
be  filled  from  a tank  that  holds  472.5  gallons? 


5.2)6.76  2.3)9.89  5.1)36.21  4.2)100.8 


9.4)417.1  5.3)1.876  2.6)10.40  6.7)57.97 


8.6)163.4 

Dividend  a decimal  and  divisor  a mixed  decimal 


2.5). 05  4.5). 90  7.2)  .936  4.8). 01488  6.1). 2318 


8.2)  .003116  4.6). 02918  3.6). 3240 
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Dividend  a whole  number  and  the  divisor  a mixed 
decimal 


Averaging  78.6  miles  per  hour,  how  long  will  it  take 
an  airship  to  fly  3537  miles? 

2.5)5  5.1)612  7.3)2920  9.1)2002  7.8)6188 

Zeros 


Each  exercise  below  has  a different  zero  difficulty 


40)64.8  .207). 3933  .27)8.046  23)9.6049 


.016)96.08  48)513.6  23)161.23  23)142.60 


36)324.252 


c.  Denominate  numbers 
(1)  Vocabulary 

Liquid:  pint,  quart,  gallon 

Dry:  pint,  quart,  peck,  bushel,  quarter  peck,  pound, 

ounce 


Time:  second,  minute,  hour,  day,  week,  month,  year, 

century 

Length:  inch,  foot,  yard,  rod,  mile 

Square  measure:  square  inch,  square  foot,  square 

yard,  square  rod,  acre,  square  mile,  width,  length,  sur- 
face, dimensions,  right  angle 

Cubic  measure:  cubic  inch,  cubic  foot,  cubic  yard, 

width,  length,  height,  solid,  cube,  capacity,  dimensions 


Other  words:  altitude 
area 
base 
graphs 

hundredweight- 
— cwt. 


measurement 

measures 

oblong 

parallelogram 

perimeter 


rectangle 

square 

tons 

triangle 

volume 


Definitions  are  formulated  as  a result  of  a series  of 
interesting,  meaningful  experiences  with  the  things  de- 
fined. 
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(2)  Addition 

No  carrying 

The  girls’  sewing  circle  bought  three  remnants  of  cloth. 
One  measured  2 yards  3 inches,  the  second  measured 

1 yard  4 inches,  and  the  third  measured  2 yards  11 
inches.  How  many  yards  and  inches  were  bought? 

yards  inches 

2 3 

1 4 

2 11 

5 yards  18  inches 

Carrying  once 

Teddy  wants  3 pieces  of  wire  for  his  train,  one  piece  2 
feet  4 inches  long,  one  piece  1 foot  9 inches  long,  and 
one  piece  8 inches  long.  How  much  wire  does  he  want 
altogether? 

feet  inches 

2 4 

1 9 

8 

4 feet  9 inches 
Carrying  twice;  one  remainder 

Henry,  John,  and  Harold  gathered  chestnuts.  Henry 
gathered  1 peck  3 quarts  2 pints,  John,  1 peck 

2 quarts  1 pint,  Harold,  2 pecks  6 quarts  3 pints. 
How  many  pecks,  quarts,  and  pints  did  they  gather 
in  all? 

pecks  quarts  pints 
1 3 2 

1 2 1 

_2 6 3 

5 pecks  6 quarts  0 pints 

Carrying  twice;  two  remainders 

Mr.  Brown  has  worked  in  three  organizations.  In 
one  he  worked  6 years  3 months  and  12  days.  In  an- 
other he  worked  8 years  9 months  and  28  days.  In 
the  third  11  years  5 months  and  5 days.  How  long 


has  he  been  working? 

years  months  days 

6 3 12 

8 9 28 

11  5 5 


26  years  6 months  15  days 
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Carrying  with  fractions  which  make  a unit 

John  sold  3 baskets  of  pears.  The  first  weighed  8 
pounds  7 1/2  ounces,  the  second,  11  pounds  3/4 
ounce,  the  third,  16  pounds  9 3/4  ounces.  How  many 
pounds  of  pears  did  he  sell? 

pounds  ounces 

8 7 1/2 

11  3/4 

16 9 3/4 

36  pounds  2 ounces 

Carrying  with  fractions 

Robert,  Jack,  and  Thomas  bought  cheaply  some  rem- 
nants of  fencing  to  make  a fence.  One  piece  was  37 
rods  5 yards,  another  19  rods  2 1/2  yards,  and  the 
third  piece  16  rods  1 2/3  yards.  What  was  the  total 
amount  of  fencing  which  they  bought? 


rods 

yards 

37 

5 

19 

2 1/2 

16 

1 2/3 

73  rods 

3 2/3  yards 

Copying  in  the  proper  column 

2 gallons  1 pint,  3 gallons  3 quarts,  7 quarts  5 pints, 
2 gallons  3 quarts  3 pints,  7 quarts  1 pint 


gallons  quarts  pints 

2 1 
3 3 

7 5 

2 3 3 

7 1 

13  gallons  1 quart  0 pints 


(3)  Subtraction 

Without  borrowing 

John  threw  a basket  ball  36  feet  9 inches.  Walter 
threw  it  33  feet  6 inches.  IIow  much  further  did  John 
throw  the  ball? 

36  feet  9 inches 

33  feet  6 inches 

3 feet  3 inches 
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With  borrowing 

Mary  is  5 feet  2 inches  tall,  and  Jane  is  4 feet  10 
inches  tall.  Mary  is  how  much  taller  than  Jane? 

5 feet  2 inches 

4 feet  10  inches 

4 inches 

A year  ago  Harry  weighed  76  pounds  9 ounces.  This 
year  he  weighs  80  pounds.  How  much  has  he  gained 
in  a year? 

80  pounds 

76  pounds  9 ounces 

3 pounds  7 ounces 

Think  of  80  pounds  as  79  pounds  16  ounces.  Then  79 
pounds  16  ounces  less  76  pounds  9 ounces  are  3 
pounds  7 ounces.  Harry  has  gained  3 pounds  7 
ounces.. 

or 

79  pounds  16  ounces 

76  pounds  9 ounces 

3 pounds  7 ounces 

Bob  and  Sam  each  had  a garden  last  summer.  Bob 
sold  5 bushels  3 1/2  pecks  of  lima  beans.  Sam  sold  8 
bushels.  How  many  more  beans  did  Sam  have  to  sell 
than  Bob? 

8 bushels 

5 bushels  3 1/2  pecks 

Think  of  8 bushels  as  7 bushels  4 pecks.  Then  7 
bushels  4 pecks  less  5 bushels  3 1/2  pecks  are  2 
bushels  1/2  peck.  Sam  sold  2 bushels  1/2  peck  more 
than  Bob. 


or 

7 bushels 

4 pecks 

5 bushels 

3 1/2  pecks 

2 bushels 

1/2  peck 

Subtract 

8 feet  2 inches 

4 feet  7 inches 

7 yards 
5 yards 

1 foot 

2 feet 

6 pounds 
3 pounds 

10  ounces 
15  ounces 

7 hours 

15  minutes 

5 feet 

5 feet 

5 inches 

5 hours 

30  minutes 

3 feet 

7 inches 

5 feet 

2l/2  inches 

14  pounds 

8 hours 

3 gallons 

8 pounds  10  ounces 

3 hours 

45  minutes  1 gallon  3 quarts 
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(4)  Multiplication 
No  carrying 

One  brick  weighs  3 pounds  2 ounces.  How  much  will 
4 bricks  of  the  same  size  weigh? 

3 pounds  2 ounces 

4 

12  pounds  8 ounces 

Find  the  products: 

5 feet  3 inches  4 hours  10  minutes  6 bushels  1 peck 
3 5 2 


8 yards  5 inches 
6 


Carrying 

From  a long  piece  of  rope  James  cut  three  pieces,  each 
1 foot  10  inches  long.  How  much  rope  did  he  use  in  all? 

1 foot  10  inches 

3 

3 feet  30  inches 

5 feet  6 inches 

Thirty  inches  = 2 feet  6 inches.  We  change  3 feet  30 
inches  to  5 feet  6 inches. 

In  making  a pen  for  his  rabbit,  Paul  sawed  a board  into 
4 pieces  each  4 feet  9 inches  long.  How  long  was  the 
board  before  he  sawed  it? 

4 feet  9 inches 
4 

16  feet  36  inches  = 19  feet 

Since  36  inches  equal  3 feet,  we  add  3 feet  to  16  feet 
which  makes  the  board  19  feet  long. 

How  much  syrup  will  5 cans  of  the  same  size  hold  if 
each  can  holds  2 gallons  3 quarts? 

There  are  6 baskets  of  apples  each  holding  2 pecks  4 
quarts.  How  many  pecks  of  apples  does  this  make? 

Multiply 

3 feet  5 inches  by  4 2 hours  15  minutes  by  6 

7 yards  2 feet  by  9 8 quarts  1 pint  by  12 
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(5)  Division 

Even  division 

A carpenter  cut  a board  12  feet  6 inches  long  into  6 
equal  pieces.  What  was  the  length  of  each  piece? 

2 feet  1 inch 

6)12  feet  6 inches 

Twelve  feet  divided  by  6 equals  2 feet;  6 inches  divided 
by  6 equals  1 inch.  Each  piece  of  board  was  2 feet 
1 inch  long. 

Check  by  multiplying  the  quotient  by  6.  If  the  prob- 
lem has  been  solved  correctly,  your  answer  will  be  the 
dividend,  12  feet  6 inches. 

Divide  and  check  the  following: 


2)6  gallons  2 quarts  5)15  feet  10  inches 


6)24  pounds  12  ounces  4)12  hours  36  minutes 

Paul  stepped  a distance  of  20  feet  10  inches  in  10 
steps.  What  was  the  average  length  of  his  step? 

In  four  days  our  class  spent  4 hours  40  minutes  re- 
hearsing for  a coming  play  presentation.  What  was 
the  average  time  spent  daily  in  rehearsal? 

Uneven  division 

A railroad  train  traveled  5 miles  in  7 minutes  10  sec- 
onds. What  was  the  average  time  per  mile? 

1 minute  26  seconds 
5)7  minutes  10  seconds 

Seven  minutes  divided  by  5 equals  1 minute  and  2 min- 
utes over.  These  2 minutes  must  be  changed  to  seconds 
and  added  to  the  10  seconds.  Two  minutes  equal  120 
seconds;  120  seconds  plus  10  seconds  equal  130  sec- 
onds; 130  seconds  divided  by  5 equal  26  seconds. 

Solve  and  explain  the  following  problem: 

A farmer  used  8 bushels  3 pecks  of  seed  in  planting 
a 3-acre  field.  How  much  per  acre  was  this? 

Divide 

8 feet  5 inches  by  3 

9 hours  25  minutes  by  5 
13  pounds  8 ounces  by  6 
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Can  you  find  a mistake  in  one  of  these  examples? 

1 foot  5 2/3  inches  2 feet  5 3/5  inches 

3)4  feet  5 inches  5)12  feet  4 inches 

3 gallons  4^  quarts 

4)15  gallons  2 quarts 

Divisor  larger  than  the  largest  denomination  in  divi- 
dend 


Cut  a ribbon  3 feet  8 inches  long  into  4 pieces  of  equal 
length. 

11  inches 
4)3  feet  8 inches 

Four  is  not  contained  into  3 at  all.  Therefore,  the  3 
feet  must  be  changed  to  inches  and  added  to  the  8 
inches.  Three  feet  equal  36  inches,  and  36  inches  plus 
8 inches  equal  44  inches.  Forty-four  inches  divided 
by  4 equal  11  inches. 

Find  the  quotients  in  the  following  examples: 

5)3  hours  15  minutes  6)4  pounds  8 ounces 


4)3  pounds  4 ounces  3)2  gallons  1 quart 
(6)  Area 


Note:  Emphasis  should  be  placed  upon  the  necessity 

of  expressing  dimensions  in  the  same  unit  of 
measure. 


Finding  the  area  of  a rectangle 


4 feet  by  24  inches 
24  inches  by  12  feet 
4 feet  by  9 inches 
8 yards  by  11  feet 


5 inches  by  4 inches 
12  inches  by  12  inches 
24  feet  by  3 feet 
50  feet  by  125  feet 
3 yards  by  7 yards 

How  many  square  feet  of  glass  must  Ted  and  Henry 
buy  to  replace  a window  pane  12  inches  by  24  inches? 
Find  the  area  of  Jane’s  garden  which  is  12  feet  wide 
and  6 yards  long. 

How  many  square  yards  of  linoleum  must  mother 
buy  for  the  kitchen  which  is  9 feet  wide  and  12  feet 
long? 

How  many  square  inches  are  there  in  a sheet  of  your 
tablet  paper? 

Find  the  number  of  square  inches  in  the  top  of  your 
desk. 
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(7)  Volume 


Find  the  volume  of  objects 
4 inches  by  4 inches  by  8 inches 

6 feet  by  6 feet  by  5 feet 

7 yards  by  5 yards  by  3 yards 

Jack  and  his  father  built  a coal  bin  6 feet  long,  6 feet 
wide,  and  5 feet  high.  How  many  cubic  feet  are  in 
the  bin? 

Find  how  many  cubic  feet  of  air  are  in  your  school- 
room. 

Find  how  many  cubic  feet  of  water  are  in  your  school 
swimming  pool. 


Problems 

Dick  is  going  to  build  a chicken  yard  back  of  their 
garage.  It  will  be  18  feet  long  and  12  feet  wide. 
Find  the  amount  of  fencing  which  Dick  will  need. 

Mary  made  a table  cloth  in  the  sewing  class.  She 
wants  to  sew  a border  around  it.  How  much  lace 
will  she  need  for  the  cloth  which  is  3 yards  long  and 
2 yards  wide? 


d.  Percentage 

(1)  Vocabulary  (Words  peculiar  to  this  unit) 


(8)  Perimeter 


amount 

annual 

annually 

approximate 

cash  discount 

commission 

compare 

cost 

day-book 

decrease 

denominator 

depreciation 

discount 

estimate 

expenses 

fractional  equivalent 
gain 

hundredths 

increase 

interest 


list  price 
loss 

net  price 
net  proceeds 
numerator 
overhead 
per  cent 
percentage 
principal 
profit 

rate  of  interest 
reduced  price 
retail 

selling  price 
semi-annual 
semi-annually 
time 

total  cost 
trade  discount 
wholesale 
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(2)  Reading  and  writing  percentage,  decimal,  and  fractional 
equivalents 

Percentage  is  an  application  of  decimals  used  com- 
monly in  business. 

% is  the  per  cent  sign. 

Changing  decimals  to  hundredths  and  to  per  cents 

.18  = 18  hundredths  = 18  per  cent  = 18% 

.05  = 5 hundredths  = 5 per  cent  = 5% 

.375  = 37.5  hundredths  = 37.5  per  cent  = 37.5% 


Changing  per  cents  to  decimals 

25%  = 25  per  cent  = 25  hundredths  = .25 

4%  = 4 per  cent  = 4 hundredths  = .04 

12 \°/o  = 12£  per  cent  = 12^  hundredths  = .12^ 

6\%  = 6|  per  cent  = 6^  hundredths  = .06^ 

Changing  fractions  to  decimals  and  to  per  cents 

.50  .875 

1/2  = 2)1.00  = 50%  5/6  = 6)5.000  =87.5% 

The  line  in  a fraction  means  “divided  by.” 

3/4  means  3 divided  by  4,  or  3 -f-  4. 


Equivalents 

1/2  = 50% 

1/4  = 25% 

1/6  = 16  2/3% 
3/8  = 37  1/2% 
2/5  = 40% 

3/5  = 60% 
3/4=  75% 


2/3  = 66  2/3% 
1/8  = 12  1/2% 
1/10  = 10% 
7/10  = 70% 

1/5  = 20% 
9/10  = 90% 


4/5  = 80% 

5/8  = 62  1/2% 
1/3  = 33  1/3% 
5/6  = 83  1/3% 
7/8  = 87  1/2% 
3/10  = 30% 


(3)  Finding  per  cent  of  a number;  its  applications 

The  problem  given  under  each  heading  is  only  an  illus- 
tration of  the  problems  which  teachers  should  prepare 
for  pupils. 

The  process 

To  find  a per  cent  of  a number,  first  change  the  per  cent 
to  a decimal,  then  multiply  the  number  by  the  decimal. 
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25%  of  16  A short  way 

.25  X 16  = 4 25%  = % 

_4 

4)16 

7%  of  81  = 

.07  X 81  = 5.67 

Problem:  Gertrude  has  a candy  recipe  calling  for 

4 cups  of  sugar.  Her  mother  says  to  use  75  per 
cent  of  the  recipe.  How  many  cups  of  sugar  should 
Gertrude  use? 


Discounts 


A dealer  in  fruit  sold  oranges  marked  to  sell  at  $.60  a 
dozen  at  a discount  of  25%.  Find  the  selling  price. 


$.60  list  price 
X -25  rate  of  discount 
300' 

120 


$.60 
— .15 

$.45  selling  price 


$.1500  discount 


Commission 

A real  estate  agent  sold  a house  for  $12,500.00  Find 
the  amount  of  his  commission  at  5 per  cent. 

$12,500.00  sale  price 

.05  rate  of  commission 
'$625.0000 

Interest 

Interest  is  money  paid  for  the  use  of  money. 
Principal  X rate  = interest  for  1 year. 

The  amount  is  the  sum  of  money  borrowed  plus  the 
interest. 

Problem:  Ann  wants  to  borrow  $15  from  her 

brother  to  buy  a puppy.  Her  brother  says  he  will 
lend  her  the  money  for  1 year  at  4 per  cent.  How 
much  interest  will  Ann  have  to  pay  her  brother? 
What  amount? 

$15  principal  $15.00  principal 

.04  rate  .60  interest 

$.60  interest  for  1 year  $15.60  amount 

Interest  for  2 years  would  be  2 X $-60  = $1.20 
Interest  for  4 months  would  be  1/3  X $-60  = $.20 
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(4)  Finding  per  cent  one  number  is  of  another 
The  process 

To  find  what  per  cent  one  number  is  of  another,  write 
the  numbers  as  a fraction;  then  change  the  fraction  to 
a per  cent.  The  number  after  “of”  in  a problem  is 
the  denominator  of  the  fraction. 


4 is  what  per  cent  of  8?  What  per  cent  of  4 is  1? 


4 1 1 

- = - = 50%  - = 25% 

8 2 4 


5 = % of  1? 


39  is  what  % of  300? 


5 

- = 5 = 500% 

1 


39 

300  300)39.00 
300 
900 
900 


.13  = 13% 


Problem:  Jack  sells  a radio  set  for  $75  and  gets  $15 

commission.  What  per  cent  of  $75  is  his  commission? 

$15  1 

- = - = 20% 

$75  5 


Profit  and  loss 


George  sells  a radio  set  that  cost  him  $32  at  a profit  of 
15  per  cent  of  the  cost.  How  much  is  his  profit?  What 
is  the  selling  price? 


$32  cost  $32.00  cost 

X -15  4.80  profit 

160  $36.80  selling  price 

32 

$4.80  profit 

Dan  buys  a horse  for  $240.00.  He  sells  it  at  a $36  loss. 
What  per  cent  of  the  cost  is  his  loss? 


36  J5  = 15% 

240  240)36.00 

240 
1200 
1200 
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e.  Business  forms 


(1)  Vocabulary 

accounts 

creditor — Cr. 

items 

addresses 

credits 

overdraw 

at — (5) 

customer 

paid 

balance 

dates 

payment 

balances 

debtor — Dr. 

purchaser 

bank 

deposit  book 

receipted  bi 

bill 

depositor 

receipts 

budget 

deposit  slip 

received 

canceled  check 

directions 

salesman 

cash 

duplicate 

sales  slip 

cash  accounts 

endorse — indorse 

sign 

charge  accounts 

estimate 

signature 

check  book 

expenditures 

statements 

checks 

extensions 

storekeeper 

compare 

invoice 

stub 

(2)  Suggestions  relative  to  procedure  and  scope  of  the  worl 
Help  pupil  to  acquire  an  ability  to  sense  the  persons 
usefulness  of  proper  habits  in  performing  simple  busi 
ness  matters. 

Use  natural  situations 
Articles  purchased  at  any  store 
Personal  money  received  from  various  sources 
Keeping  an  account  of  personal  expenditures 
Class  or  group  accounts,  receipts,  or  expenditures 

In  the  handling  of  an  account,  no  specific  form  of  head 
ing  is  required.  The  heading  will  vary  as  the  situation 
vary,  but  in  every  case  the  heading  should  adequate! 
identify  the  account. 

Each  pupil  should  be  encouraged  and  urged  to  provid 
himself  with  a little  memorandum  booklet  made  for  th 
purpose  of  personal  money  accounts.  These  persona 
accounts  should  indicate  briefly  but  adequately  th 
sources  and  outlets  of  income  under  “Received”  an 
“Paid”  headings. 

Familiarize  pupils  with  procedure  of: 

Opening  an  account — the  bank  book 

Keeping  a check  book— drawing  checks — endorsin 

checks 

Gather  and  examine  used  checks  and  check  books. 
Experience  should  be  provided  with  all  of  the  form 
commonly  used  by  business  houses  in  sending  out  state 
ments  of  purchases,  or  in  rendering  bills  for  service: 
or  in  presenting  statements  of  balances. 
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Sample  papers  may  be  brought  from  home,  or  business 
and  industrial  concerns  will  gladly  furnish  blank  forms. 
Receipts  should  be  written  for  rent,  wages,  etc.  as  nat- 
ural situations  may  be  found  and  made  use  of. 

f.  Progress  tests  of  skills  and  abilities  up  to  this  point 
(1)  Decimals 

Reading  and  writing;  converting;  comprehending 
values 

The  following  consists  of  examples  in  reading,  writ- 
ing, and  converting  decimals,  and  in  comprehending 
the  value  of  decimals. 

Below  are  numbers  written  as  words.  Write  each  in 
decimal  form, 
two  hundredths 
five  thousandths 
three  tenths 
twenty-five  hundredths 
fifty-seven  thousandths 
six  hundred  two  thousandths 
seventy-seven  and  forty-two  hundredths 

Write  the  numbers  below  as  words: 

2.5 

50.028 

.623 

1.57 

.37 

4.05 

Express  as  common  fractions: 

.3 

.62 

.659 

.07 

Arrange  the  following  numbers  in  order  of  their  size. 
Write  the  number  of  greatest  value  first. 

35.5  1 

3.55  2 

3.505  3 

355.0  4 

300.55  5 

Express  as  decimals  or  mixed  decimals: 

8 5 5 3 

6-  - 5- 

300  6 8 4 
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Addition 

The  following  consists  of  a variety  of  types  of  ex- 
amples involving  the  different  skills  in  the  addition 
of  decimals: 


$23.25 

.23 

3.51 

.5 

.44 

.463 

.80 

1.4 

4.26 

.3 

.39 

.877 

3.50 

.04 

3.03 

.4 

.28 

.539 

.25 

14.75 

Find  the 

sum  of  $ 

.09  + $3.43 

+ ! 

$.55  + $6 

+ $2. 

+ $5.05 

Find  the 

sum  of 

16  + 22.6 

+ 

571.12  + 

42.9 

6.713  + . 

,5875 

2 + .005  + 

.6023  + .46 

Jane  is  buying  the  things  she  needs  to  wrap  Christ- 
mas packages.  The  paper  costs  $.10,  seals  $.10, 
ribbon  $.17,  string  $.07,  and  name  cards  $.15.  How 
much  will  all  these  things  cost? 

Answer 

Jim  walked  .3  miles  one  day,  .8  miles  the  next  day, 
and  .9  miles  the  third  day.  How  far  did  he  walk  in 
the  three  days? 

Answer 

Tom  took  4 packages  to  the  post-office  to  mail.  A 
man  weighed  each  package  and  wrote  on  it  how 
much  the  postage  would  be.  Here  is  what  he  wrote: 
35^,  47^,  56^,  28^.  How  much  did  it  cost  Tom  to 
mail  all  4 packages? 

Answer 

Jack  took  his  cousin  Andy  to  a school  play.  Jack 
paid  $1.25  for  bus  fares  to  the  play,  $.52  for  tickets 
to  the  play,  and  $.14  for  street-car  fares  home.  How 
much  did  Jack  spend  for  the  entertainment? 

Answer 

Subtraction 

The  following  consists  of  a variety  of  types  of  ex- 
amples involving  the  different  skills  in  the  subtrac- 
tion of  decimals: 

$8.48  24.  58.9  .72  1.435 

2.145  14.025  26.0057  .22  .787 


16. 

13.261 
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Subtract  4.7  from  46.009. 

The  normal  temperature  of  the  body  is  98.6  degrees. 
When  Anna  had  the  measles,  her  temperature  rose  to 
102.1  degrees.  How  many  degrees  above  normal 
was  this? 

Answer 

In  September,  William  earned  $10.00;  in  October  he 
earned  $7.25.  How  much  more  did  he  earn  in  Sep- 
tember than  he  did  in  October? 

Answer 

Three  boys  together  gathered  671.5  bushels  of  wal- 
nuts. If  two  boys  kept  481.7  bushels,  what  is  the 
amount  received  by  the  third  boy? 

Answer 

A speedometer  registered  2352.9  miles  at  the  begin- 
ning of  the  trip.  At  the  end  of  the  trip  it  registered 
3171.5  miles.  What  was  the  distance  traveled? 

Answer 

In  each  of  these  groups,  subtract  the  smaller  number 


from  the  larger: 

.35 125 

.257 76 

3.3 57.3 

Multiplication 

Can  you  do  these  multiplication  examples  correctly? 
3 X -3  = 3 X .03  = 3 X .003 

7 X -2  - - 5 X .04  = 9 X .008  = 

45.9  424  39.13  196.2 

76  2.6  .009  20 

.0089  204  .76  63  .04  2.3 

.84  .2  53  2.4  2 1 

76.6  X -0205 


Check  up  on  what  you  have  learned.  Are  you  able 
to  answer  the  following? 

When  you  multiply  a number  containing  two  deci- 
mal places  by  a number  containing  one  decimal 
place,  how  many  decimal  places  should  you  point 
off  in  the  product? 
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The  multiplier  contains  three  decimal  places;  t] 
multiplicand  none.  How  many  decimal  plac 
should  the  product  contain? 

AVhere  should  the  decimal  point  be  in  a whc 
number? 

When  a zero  is  annexed  to  a whole  number,  wh 
is  done  to  the  decimal  point  understood? 

How  do  you  multiply  a whole  number  or  a decim 
by  100?'  by  1000? 

The  figures  are  correct  in  each  product  below,  b 
the  decimal  point  has  not  been  placed.  At  the  si 
nal  from  your  teacher,  number  your  paper  ai 
copy  the  products  only,  placing  the  decimal  poi 
correctly. 


.7 

.005 

.002 

.32 

.97 

3 

3 

4 

2 

4 

21 

15 

8 

64 

388 

.25 

.06 

2.8 

3.5 

67 

6 

5 

7 

6 

.4 

150 

30 

196 

210 

268 

.8 

.2 

.25 

.08 

2.08 

.3 

.7 

.8 

.4 

.04 

24 

14 

200 

32 

832 

Matching  test:  On  your  paper,  match  each  decim 
fraction  or  decimal  mixed  number  with  the  rig 
common  fraction  or  mixed  number: 


.3  .7  9/20 

.50  6.25  2/25 

15.07  .016  3/10 

.08  .45  15  7/100 


1/2 

16/1000 
7/10 
6 1/4 


Are  you  able  to  work  the  following: 

Dan  earned  $2.75  each  week.  How  much  did  1 
earn  in  26  weeks? 

Answer 


One  month  a farmer  sold  2,000  pounds  of  milk  to 
creamery.  The  milk  contained  3.5  ounces  of  bu 
ter  fat  for  each  pound  of  milk.  How  much  butt 
fat  was  in  the  milk  sold  for  the  month? 

Answer 


At  $.04  each,  how  much  would  36  pencils  cost? 

Answer 
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Division 


Can  you  work  all  these  division  examples? 


8). 848  .54)10.206  5.4)10.206 


7). 0231  .042)84  .05). 025 


.05)2.6  9.04)325.44  .042). 3197 

Checking  up  on  what  you  have  learned,  are  you  able 
to  answer  the  following? 

What  effect  does  multiplying  both  divisor  and  divi- 
dend by  the  same  number  have  upon  the  quotient? 

In  division  with  whole  numbers  or  with  decimals, 
over  what  dividend  figure  should  the  first  quotient 
figure  be  placed? 

When  a decimal  mixed  number  is  to  be  divided  by 
a whole  number,  where  should  the  decimal  point  be 
placed  in  the  quotient? 

In  dividing  by  a decimal  fraction  or  by  a decimal 
mixed  number,  what  are  the  first  three  steps? 

Give  the  short  method  for  dividing  either  a whole 
number,  a decimal  fraction,  or  a decimal  mixed 
number  by  10;  by  100;  by  1000. 

Are  you  able  to  work  the  following: 

The  Browns  took  a trip  of  630.8  miles  in  their  car. 
They  used  35  gallons  of  gasoline  on  the  trip.  How 
many  miles  were  traveled  on  one  gallon  of  gaso- 
line? 

Answer 

Milk  sells  for  $.11  a quart.  How  many  quart 
bottles  of  milk  may  I buy  for  $.75? 

Answer 

A class  of  18  students  had  a party.  The  cost  of 
the  refreshments  was  $4.50.  If  they  divided  the 
cost  equally,  how  much  should  each  pay? 

Answer 

At  the  rate  of  7.5  miles  in  15  minutes,  how  far 
will  a train  go  in  an  hour? 

Answer 

How  many  pieces  of  rope,  each  .7  feet  in  length, 
can  be  cut  from  a roll  containing  171  feet? 

Answer 
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(2)  Percentage 

Below  are  examples  of  all  the  types  of  problems  you 
should  know  how  to  solve  about  percentage. 


Do  you  know  how  to  change  decimals  to  per  cent? 
.50= % .875= % 1.25= % 

Can  you  change  per  cents  to  decimals? 

19%  = 8 % = 125%  = 

Do  you  know  how  to  change  fractions  to  per  cent? 

3 7 16 

-= % -= % — =. % 

4 8 21 

Write  the  per  cents  to  which  these  are  equal: 


115  5 3 

2 4 6 8 10 

1 7 9 3 2 

8 8 10  5 3 


!_  1 

5 5 

1 _2 

6 5 


1_  3 

3 4 

3_  _L 

8 10 


Can  you  find  a per  cent  of  a number? 

To  find  the  per  cent  of  a number  change  per  cent 


to  a and 

16%  of  80  51%  of  $1000 


Of  the  50  girls  in  our  school,  24  girls  take  cooking. 
What  per  cent  of  the  girls  is  that? 

This  is  finding  what  part  one  number  is  of  an- 
other. Are  you  sure  you  know  how  to  do  that?  Do 
you  multiply  or  divide? 

Find  the  interest  on  $600  for  2 years  and  6 months 
at  4%. 

At  a sale  Jane  bought  a $25  coat  that  was  on  a 
rack  marked  “Discount,  20%. ” How  much  did 
Jane  have  to  pay  for  the  coat? 


Do  you  know  what  these  words  mean? 


principal 

rate 

interest 

annual 

semi-annual 

depreciation 


profit 

retail 

selling  price 

overhead 

loss 

hundredths 
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(3)  Denominate  numbers 
Addition 


15  minutes  30  seconds 
40  minutes  50  seconds 


4 yards  2 feet 
6 yards  1 foot 
9 yards  2 feet 


10  inches 
7 inches 
5 inches 


4 yards  1 foot 
10  yards  2 feet 
2 yards  2 feet 


2 inches  4 

3 inches  2 

9 inches  3 


years  5 months 
years  9 months 
years  3 months 


Ribbon  is  needed  to  trim  a dress  in  three  places  re- 
quiring the  respective  lengths:  4 feet  1 inch,  4 feet 

2 inches,  and  4 feet  6 inches.  How  much  ribbon  is 
needed? 

Answer 


Subtraction 

4  hours  10  minutes  9 square  feet  60  square  inches 
2 hours  35  minutes  7 square  feet  124  square  inches 


20  minutes 

16  minutes  40  seconds 


Mary  is  going  to  make  candy.  The  recipe  calls  for 
3 pounds  8 ounces  of  sugar.  Mary  can  only  find  2 
pounds  12  ounces  of  sugar  in  the  house.  How  much 
sugar  does  Mary  need? 

Answer 


Multiplication 

3 yards  2 feet  6 inches  2 feet  6 inches 

3 7 


2 gallons  2 quarts  1 pint 

5 


Donald  needs  3 pieces  of  rope,  each  4 feet  9 inches 
long.  How  long  a piece  of  rope  must  he  get  from 
which  to  cut  them? 

Answer 
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Division 


2)3  feet  6 inches  5)7  gallons  3 quarts  1 pint 


5)16  pounds  4 ounces 

Mr.  Mason  went  on  an  automobile  trip  that  took  3 
hours  45  minutes.  He  went  half  the  way  in  the 
morning  and  the  other  half  in  the  afternoon.  How 
long  did  he  travel  in  the  morning? 

Answer 

Square  measure 

How  many  square  feet  are  there  in  a rug  6 feet  long 
and  4 feet  wide? 

Answer 

k How  many  square  yards  of  cement  are  there  in  our 

walk?  It  is  27  feet  long  and  6 feet  wide. 

Answer 

How  many  square  feet  are  there  in  a room  12  1/2 
feet  wide  and  15  feet  long? 

Answer 


Cubic  measure 

What  is  the  largest  number  of  1 inch  cubes  that  can 
be  fitted  into  a box  8 inches  long,  5 inches  wide,  and 
6 inches  deep? 

Answer 

How  many  cubic  yards  are  there  in  a box  3 yards 
long,  2 yards  wide,  and  1 yard  deep? 

Answer 


(4)  Business  forms 

Are  you  able  to  answer  the  following: 

How  can  the  bank  on  which  a check  is  drawn  know 
that  the  right  person  signed  the  check? 

Why  is  the  amount  of  money  written  on  a check  in 
both  figures  and  words? 

Tell  the  use  of: 

a signature  card  at  a bank 
a deposit  slip 

a deposit  receipt  book  or  pass  book 
a check 
a check  stub 
a check  book 
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Who  may  deposit  money  to  your  account? 

Who  may  write  checks  on  your  account? 

In  cashing  checks,  whose  money  does  the  bank  pay 
out? 

What  must  you  do  to  open  a savings  account? 
May.  a depositor  withdraw  his  money  whenever  he 
wishes  or  must  he  give  notice  beforehand? 

What  is  a canceled  check? 

Are  you  able  to  do  these  things? 

Write  a check  for  the  amount  of  $5  payable  to  your 
mother 

Write  a deposit  slip  for  the  amount  of  $10.75 
Write  a receipt  for  the  pavment  of  an  account  of 

$15.75 

Write  a bill  containing  these: 

1 pair  gloves  $2.95,  1 tie  $1.50,  3 bath  towels 
$2.25,  1 dozen  wash  cloths  $.60,  and  4 sheets 

$3.00 


g- 


Vocabulary 


Check  through  this  list, 
you  do  not  understand. 

Ask  for  an  explanati 

accounts 

creditor — Cr. 

addresses 

credits 

amount 

customer 

annual 

dates 

annually 

day  book 

approximate 

debtor — Dr. 

at — 

decimal 

balance 

decimal  fraction 

balances 

decimal  point 

bank 

decrease 

bill 

denominator 

budget 

deposit  book 

canceled  check 

depositor 

caret 

deposit  slip 

cash 

depreciation 

cash  accounts 

directions 

cash  discount 

discount 

charge  accounts 

divide 

check  book 

divided  by 

checks 

dividend 

commission 

divisor 

compare 

duplicate 

contained  into 

endorse — indorse 

cost 

equivalent 
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estimate 

expenditures 

expenses 

extensions 

fractional  equivalent 
gain 

how  many 

hundredths 

increase 

interest 

invoice 

items 

list  price 

loss 

mixed  decimals 

multiplicand 

multiplication 

multiplier 

multiply 

net  price 

net  proceeds 

numerator 

overdraw 

overhead 

paid 

partial  product 
payment 
per  cent 
percentage 
principal 

product 

profit 

purchaser 

quotient 

rate 

rate  of  interest 

receipted  bill 

receipts 

received 

reduced  price 

remainder 

retail 

salesman 

sales  slip 

selling  price 

semi-annual 

semi-annually 

sign 

signature 

statement 

storekeeper 

stub 

tenths 

thousandths 

time 

times 

total  cost 

trade  discount 

wholesale 
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I.  A STUDY  TO  DETERMINE  GRADE  PLACEMENT  OF 
COMPUTATIONAL  TOPICS 

A study  was  attempted  so  that  the  grade  placement  suggested  in  this 
course  of  study  may  be  compared  with  that  advocated  by  several 
groups  of  educators  who  influence  teachers  and  their  teaching  in  Penn- 
sylvania, and  with  that  found  in  a number  of  recent  and  outstanding 
courses  of  study  and  textbooks. 

A.  GRADE  PLACEMENT  ADVOCATED  BY  PENNSYLVANIA 

EDUCATORS 

The  following  letter  was  sent  to  sixty-six  county  superintendents,  to 
176  district  superintendents  of  first,  second,  and  third  class  districts, 
to  directors  of  student  teaching  and  to  heads  of  mathematics  depart- 
ments of  fourteen  State  teachers  colleges: 

June  28,  1937 

To  County  and  District  Superintendents: 

Kindly  indicate  in  what  grade  you  would  like  to  have  the  follow- 
ing topics  developed  systematically  in  a State  course  of  study  in 
arithmetic  for  elementary  schools. 


Grade  ' 

Computational  Topics 

1. 

Easy  addition  and  subtraction  facts 

2. 

Complete  the  addition  and  subtraction  processes 

3. 

Multiplication 

4. 

Easy  division 

5. 

Long  division 

6. 

Addition  and  subtraction  of  fractions 

7. 

Multiplication  and  division  of  fractions 

8. 

Denominate  numbers 

9. 

Decimals 

10. 

Percentage  and  commercial  forms 

Your  cooperation  by  answering  this  form  before  August  first  is 
earnestly  solicited.  It  is  important  that  we  receive  a reply  from 
everyone  so  that  opinions  all  over  the  State  may  be  considered. 
Wherever  possible,  try  to  consider  the  consensus  of  opinion  of  your 
elementary  teachers. 

Sincerely  yours, 

Replies  were  received  from  the  following:  thirty-five  county  superin- 
tendents, seventy-six  district  superintendents,  twelve  directors  of  stu- 
dent teaching  and  thirteen  heads  of  mathematics  departments  of  State 
teachers  colleges. 
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The  total  number  of  times  a certain  topic  was  designated  for  a cer- 
tain grade  was  found  first  with  reference  to  each  group  of  voters  and 
then  with  respect  to  the  entire  group.  Whenever  more  than  one  grade 
was  chosen  as  an  appropriate  one  for  the  topic,  a tabulation  was 
made  for  each  of  the  grades.  Thus  if  one  person  indicated  that 
denominate  numbers  are  to  be  taught  systematically  in  all  grades,  an 
enumeration  for  each  grade  was  made.  Since  our  purpose  was  pri- 
marily to  find  the  weight  of  opinion  on  grade  placement  for  each 
topic  rather  than  to  describe  the  character  of  the  separate  responses, 
this  procedure  seemed  justifiable.  The  per  cent  of  the  responses  in 
favor  of  locating  the  systematic  development  of  topics  in  specific 
grades  by  each  group  of  educators  and  for  the  total  of  all  groups 
was  found  and  is  represented  by  Table  1. 

Table  1 indicates  that  the  following  grades  are  the  ones  designated 
where  most  emphasis  should  be  placed  on  the  topics  opposite  them: 

Grade  Topics 

2 Easy  addition  and  subtraction  facts 

3 Complete  the  addition  and  subtraction  processes 

3 Multiplication 

4 Easy  division 

4 Long  division 

5 Addition  and  subtraction  of  fractions 

6 Multiplication  and  division  of  fractions 

6 Denominate  numbers 

6 Decimals 

7 Percentage  and  commercial  forms 

In  some  instances  it  will  be  noticed  that  almost  the  same  number  of 
choices  are  as  much  for  one  grade  as  for  another.  Sometimes  they  are 
rather  evenly  distributed  between  two  or  three  grades,  as 

Grades  I and  II  for  easy  addition  and  subtraction  facts 

Grades  II  and  III  for  completing  addition  and  subtraction  processes 

Grades  III  and  IV  for  multiplication 

Grades  III  and  IV  for  easy  division 

Grades  IV  and  V for  long  division 

Grades  V and  VI  for  multiplication  and  division  of  fractions 
Grades  VII  and  VIII  for  percentage  and  commercial  forms 

More  significant  than  the  designation  of  the  grade  or  grades  where 
each  topic  is  to  receive  most  emphasis  is  the  observation  that  the  dis- 
tribution of  responses  relative  to  each  topic  has  a wide  grade  range 
indicating  that,  if  a composite  of  all  choices  is  the  basis  for  judgment, 
the  topic  should  be  systematically  taught  over  a period  of  years. 
Multiplication  and  denominate  numbers  are  two  topics  to  be  taught 
from  grades  I to  VIII.  When  comparing  the  responses  of  the  five 
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groups  of  educators  it  appears  that  large  differences  do  not  exist. 
However,  in  the  comparing  of  responses  of  individuals  it  was  noticed 
that  there  was  a wide  range  of  choices  for  grade  placement  of  compu- 
tational topics  with  a variation  in  choice  of  from  two  to  eight  grades 
per  topic. 

An  interpretation  of  the  responses  of  the  different  groups  of  educators 
named  in  the  table  and  of  the  summation  of  their  responses  in  regard 
to  grade  placement  of  each  computational  topic  is  here  given. 

1.  Easy  addition  and  subtraction  facts.  The  weight  of  opinion  in 
each  group  indicates  that  only  part  of  this  work  shall  be  done  in  grade 
I.  County  superintendents  would  place  half  of  its  emphasis  in  grade  I. 
The  other  groups  would  place  approximately  one-third  of  its  emphasis 
in  grade  I.  District  superintendents  would  place  some  of  this  work  as 
high  as  grade  IV.  Our  State  teachers  college  representatives  place  a 
heavier  share  of  the  development  in  grade  II  than  do  other  groups.  Su- 
perintendents of  first  and  second  class  districts  place  more  weight  in 
grade  III  than  do  the  other  groups.  The  total  of  the  responses  indicates 
that  half  of  the  total  emphasis  on  easy  addition  and  subtraction  facts 
shall  be  in  grade  II,  one-third  of  it  shall  be  in  grade  I and  one-tenth  of 
it  shall  be  placed  in  grade  III.  Scarcely  any  attention  to  the  systematic 
development  of  this  topic  is  to  be  given  beyond  the  third  grade.  Much 
space  has  been  given  to  a description  of  these  responses  because  this 
topic  is  one  which  has  prompted  considerable  discussion  and  contro- 
versy. 

2.  Complete  the  addition  and  subtraction  processes.  Heaviest 
weight  to  third  grade  placement  is  given  consistently  in  all  types  of 
responses  with  one  exception,  i.  e.,  heads  of  mathematics  departments 
of  the  State  teachers  colleges  would  give  as  much  attention  to  complet- 
ing the  addition  and  subtraction  processes  in  the  second  as  in  the  third 
grade.  It  seems  to  be  the  consensus  of  opinion  that  the  second  and 
fourth  grades  also  should  bear  a reasonable  part  of  the  load.  Superin- 
tendents of  first  and  second  class  districts  are  the  only  ones  who  want 
part  of  this  work  done  in  first  grade. 

3.  Multiplication.  Consistently  the  third  grade  receives  the  largest 
load.  A considerable  amount  should  be  done  in  fourth  grade  also. 

4.  Easy  division.  The  fourth  grade  is  given  the  heaviest  weight. 
However,  county  superintendents  would  prefer  most  emphasis  in  third 
grade  where  all  other  groups  give  considerable  emphasis. 

5.  Long  division.  The  grade  placement  of  long  division  is  truly  a 
controversial  subject.  Three  of  the  five  groups  give  heaviest  weight 
to  fifth  grade  while  the  remaining  two  groups  give  greatest  weight  to 
grade  IV.  When  all  responses  are  totaled,  however,  we  find  that 
grades  IV  and  V have  almost  equal  weight,  with  grade  IV  slightly  in 
the  lead. 

6.  Addition  and  subtraction  of  fractions.  Fifth  grade  is  decidedly 
in  the  lead  with  some  emphasis  on  fourth  and  sixth  grades. 
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District  Superintendents  - First  and  Second  Class 


GRADE  PLACEMENT  OF  COMPUTATIONAL  TOPICS 
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TABLE  1 — Continued 

SHOWING  PER  CENT  OF  CHOICES  OE  COUNTY  AND  DISTRICT  SUPERINTENDENTS  AND  OF  DIRECTORS  OF 


PENNSYLVANIA  DEPARTMENT  OF  PUBLIC  INSTRUCTION 
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State  Teachers  Colleges — Heads  of  Mathematics  Departments 


GRADE  PLACEMENT  OF  COMPUTATIONAL  TOPICS 
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7.  Multiplication  and  division  of  fractions.  It  is  the  opinion  of  al- 
most everyone  that  this  topic  should  be  started  in  fifth  grade  and  con- 
siderable emphasis  should  be  given  it  in  both  grades  V and  VI. 

8.  Denominate  numbers.  Two  conclusions  are  evident:  that  most 
emphasis  be  given  to  denominate  numbers  in  grade  VI;  and  that  all 
the  grades  should  give  some  attention  to  them. 

9.  Decimals.  Grade  VI  has  the  heaviest  weighting  with  a notice- 
able amount  of  emphasis  in  grade  VII. 

10.  Percentage  and  commercial  forms.  Grade  VII  has  the  heaviest 
weighting  closely  matched  by  grade  VIII.  Grade  VI  receives  notice- 
able emphasis. 

From  this  study  it  may  be  concluded  that  the  combined  choices  of 
Pennsylvania  educators  included  in  this  study  indicate  a joint  call  for  a 
wide-grade  range  for  each  of  the  computational  topics  with  more  em- 
phasis in  some  grades  than  in  others.  This  is  the  trend  of  opinion  for 
the  entire  group.  However,  individuals  differ  widely  in  their  choices 
and  so  in  practice,  throughout  the  State,  we  may  expect  to  find  large 
differences  in  regard  to  grade  placement  of  computational  topics  in 
arithmetic. 

B.  GRADE  PLACEMENT  FOUND  IN  RECENT  AND 
OUTSTANDING  COURSES  OF  STUDY 

Ten  recent  courses  of  study,  many  of  which  have  been  rated  as  out- 
standing ones  by  Bruner  and  Wieting,1  were  analyzed  to  see  the  grade 
placement  advocated  by  them  for  each  of  the  topics.  Table  2 shows 
the  grade  or  grades  where  major  emphasis  on  each  of  the  computational 
topics  is  placed.  A number  of  the  courses  favor  a continuous  de- 
velopment of  each  topic  from  the  first  to  the  last  year  of  the  elementary 
school. 

Table  2 indicates  that  the  consensus  of  practice  favors  the  follow- 
ing grade  placement. 


Grade 

Topic 

II,  III 

Easy  addition  and  subtraction 

III-V 

Complete  addition  and  subtraction 

III-V 

Multiplication 

III,  IV 

Easy  division 

IV,  V 

Long  division 

V,  VI 

Addition  and  substraction  of  fractions 

V,  VI 

Multiplication  and  division  of  fractions 

I-VI 

Denominate  numbers 

VI 

Decimals 

VI 

Percentage  and  commercial  forms 

The  table  shows  that  in  two  places,  the  state  of  Arkansas  and  Pasa- 
dena, California,  no  grade  placement  is  given  for  topics.  Instead  we 
may  find  a suggested  sequence  of  skills.  Perhaps  course  of  study 

1 Bruner,  H.  B.,  and  Wieting,  C.  M.  “Annual  List  of  Outstanding  Courses  of  Study," 
Curriculum  Journal  Vol.  7,  December  1936,  p.  15  of  Vol.  8,  December  1937,  p.  360. 


216 


TABLE  2 

SHOWING  GRADE  PLACEMENT  OP  COMPUTATIONAL  TOPICS  IN  NINE  SEPARATE  COURSES  OP  STUDY 


GRADE  PLACEMENT  OF  COMPUTATIONAL  TOPICS 
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Arkansas  State,  1936 

No  grade  placement;  suggested  sequence  of 

Evanston,  Illinois  (no  date)  

Fort  Worth,  Texas,  1936  

Michigan  State,  1936  

Minneapolis,  Minnesota,  1935  - 

New  York  State,  1937  _ 

Pasadena,  California,  1936 
No  grade  placement;  suggested  sequence  of 

South  Dakota  State,  1932  

Utah  State,  1936  

Winona,  Minnesota  (no  date)  
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workers  in  these  places  recognize  the  futility  of  such  a choice  since 
many  children  of  a grade  are  likely  to  be  far  above  or  far  below  the 
norm  for  the  grade. 

C.  GRADE  PLACEMENT  FOUND  IN  RECENT  AND 
OUTSTANDING  TEXTBOOKS 

Seventeen  modern  textbooks  were  examined  to  determine  the  advo- 
cacy of  grade  placement  of  computational  topics.  An  interpretation 
of  what  was  found  concerning  each  topic  here  follows. 

1.  Easy  addition  and  subtraction.  Most  of  the  seventeen  series  of 
arithmetics  examined  included  no  textbooks  for  first  and  second  grades. 
An  examination  of  the  third  grade  texts  indicated  that  it  was  taken  for 
granted  that  systematic  work  in  addition  and  subtraction  would  start 
in  grade  II  and  continue  in  many  cases  in  grades  III  and  IV  and  in 
some  instances  through  grades  V and  VI. 

2.  Complete  addition  and  subtraction.  The  more  difficult  work  in 
addition  and  subtraction  in  most  cases  was  started  in  grade  III  and 
continued  always  through  grade  IV  and  sometimes  throughout  grades 

V and  VI. 

3.  Multiplication.  Easy  multiplication  started  usually  in  grade 
III.  The  most  popular  grades  for  it  are  III,  IV,  and  V and  in  four 
instances  it  was  continued  throughout  grade  VI. 

4.  Easy  division.  The  most  popular  grades  for  this  are  III  and 

IV  and  in  every  instance  it  is  to  start  in  grade  III.  In  several  of 

the  series  it  recommends  extending  it  from  grade  III  to  VI. 

5.  Long  division.  It  is  still  advocated  by  most  textbook  makers 

that  long  division  with  a two  or  more  figure  divisor  be  started  in 

grade  IV.  Only  four  of  them  place  the  introduction  of  long  division 
in  grade  V.  Three  of  these  four  texts  are  published  by  companies 
which  offer  another  textbook  having  long  division  in  grade  IV. 

6.  Addition  and  subtraction  of  fractions.  Grade  V seems  a popu- 
lar one  for  the  introduction  and  first  steps  in  the  development  of  this 
process;  in  grade  VI  it  is  to  be  developed  further. 

7.  Multiplication  and  division  of  fractions.  It  seems  to  be  the  opin- 
ion of  most  textbook  writers  that  this  topic  should  be  started  in  grade 

V and  that  the  more  difficult  phases  in  it  be  treated  in  grade  VI.  In 
some  of  the  latest  “stepped  up”  editions  no  work  in  multiplication  and 
division  of  fractions  is  done  before  grade  VI. 

8.  Denominate  numbers.  Ten  of  the  fourteen  textbooks  provide  for 
teaching  of  denominate  numbers  throughout  the  grades. 

9.  Decimals.  Grade  VI  seems  to  be  the  main  one  for  the  teaching 
of  decimals  although  eight  of  the  fourteen  textbooks  recommend  that 
the  teaching  of  decimals  be  started  in  grade  V and  be  continued  in 
grade  VI.  Three  of  the  four  “stepped  up”  editions  place  the  intro- 
duction and  teaching  of  decimals  in  grade  VI. 

10.  Percentage  and  commercial  forms.  Most  of  the  textbooks  place 
this  topic  in  grade  VI.  The  “stepped  up”  editions  either  place  just  the 
easy  forms  of  it  in  grade  VI  or  delay  its  introduction  until  grade  VII. 
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